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ABSTRACT
A VIRUS CONCENTRATION SYSTEM POR THE ISOLATION 




A s y s t e m  f o r  r e c o v e r y  o f  i n f e c t i o u s  p a n c r e a t i c  
n e c r o s i s  v i r u s  f ro m  H a t e r  was d e v e l o p e d  m a k ing  i t  p o s s i b l e  
t o  d e t e c t  a s  few a s  1 TCID u n i t  i n  100 o r  more g a l l o n s  o f  
s u r f a c e  w a t e r .  The  s y s t e m  u s e d  t e x t i l e  f i l t e r s  f o r  
c o l l e c t i o n  o f  v i r u s  f r o m  w a t e r s  s a m p l e d .  V i r u s  was 
c o l l e c t e d  by  a d s o r p t i o n  t o  v i s c o s e  a n d  f i b e r g l a s s  f i l t e r s  
t h r o u g h  w h ic h  w a t e r  s a m p l e s  w e r e  p a s s e d .  Optimum v i r u s  
r e c o v e r y  c o n d i t i o n s  i n c l u d e d  a c i d i f i c a t i o n  o f  w a t e r  t o  pH
6 . 0 ,  c y c l i c  e l u t i o n  o f  c o l l e c t i n g  f i l t e r s  u s i n g  5X n u t r i e n t  
b r o t h ,  a n d  e l u a t e  r e c o n c e n t r a t i o n  by  a g u e o u s  p o l y m e r
t w o - p l i a s e  s e p a r a t i o n .  The  s y s t e m  was u s e d  t o  m o n i t o r  f i s h
»
h a t c h e r y  w a t e r s  f o r  n a t u r a l  i n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  
v i r u s .  A t o t a l  o f  324 n a t u r a l  v i r u s  i s o l a t e s  w ere  r e c o v e r e d  
d u r i n g  a f i v e  month  t e s t  p e r i o d .  V i r u s  r e c o v e r i e s  were made 
b e f o r e ,  d u r i n g  a n d  a f t e r  an  o u t b r e a k  o f  i n f e c t i o u s  
p a n c r e a t i c  n e c r o s i s  i n  h a t c h e r y  f i s h .  The i s o l a t e s  were
shown t o  b e  i n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s  by s e r u n  
n e u t r a l i z a t i o n  t e s t s .
INTBODUCTION
M eth o d s  f o r  t h e  c o n c e n t r a t i o n ,  d e t e c t i o n  and 
i s o l a t i o n  o f  f i s h  v i r u s e s  f rom  l a r g e  v o lu m e s  (100 -  1000 1) 
o f  f i s h  h a t c h e r y  w a t e r  h a v e  n o t  b e e n  r e p o r t e d .  C u r r e n t  
e f f o r t s  t o  i s o l a t e  f i s h  v i r u s e s  a r e  c o n f i n e d  t o  a s s a y i n g  
i n f e c t e d  f i s h ,  c a r r i e r  f i s h  o r  f e c a l  s a m p l e s  (W olf ,  197 2 ) .  
T h e s e  m e th o d s  u t i l i z e  c e l l  c u l t u r e  a s s a y s  and  a r e  c a p a b l e  o f  
i s o l a t i n g  a n d  i d e n t i f y i n g  v i r u s ,  b u t  g i v e  no i n d i c a t i o n  o f  
t h e  am ount o f  v i r u s  i n  t h e  h a t c h e r y  w a t e r  a t  a n y  t i m e .  
D i r e c t  i s o l a t i o n  f rom  t h e  w a t e r  h a s  b e e n  p o s s i b l e  o n l y  
d u r i n g  o u t b r e a k s  o f  v i r a l  d i s e a s e  w here  v i r u s  c o n c e n t r a t i o n s  
i n  w a t e r  a r e  g r e a t  e n o u g h  t o  p e r m i t  r e c o v e r i e s  f r o m  s m a l l  
t e s t  v o lu m e s  ( W o l f ,  1 9 6 6 a ) . C o n s e q u e n t l y  a n e e d  e x i s t s  f o r  
a  r e l i a b l e  method o f  t e s t i n g  l a r g e  v o lu m e s  o f  w a t e r  i n  o r d e r  
t o  d e t e c t  t h e  p r e s e n c e  o f  f i s h  v i r u s e s .  A method o f  t h i s  
c a p a b i l i t y  would  p e r m i t  m o n i t o r i n g  n a t u r a l  o r  h a t c h e r y  
w a t e r s  f o r  v i r u s  p a t h o g e n s  a n d  make i t  p o s s i b l e  t o  t a k e  
p r e c a u t i o n a r y  m e a s u r e s  t o  p r o t e c t  h a t c h e r y  p o p u l a t i o n s .
The  m a jo r  o b j e c t i v e  o f  t h i s  r e s e a r c h  was  t o  d e v e l o p  
a me thod  f o r  t h e  r e c o v e r y  o f  i n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  
(IPN) v i r u s  f ro m  l a r g e  v o lu m e s  o f  s u r f a c e  w a t e r s .  A n a l o g i e s  
b e t w e e n  t h e  t r a n s m i s s i o n  o f  f i s h  a n d  human v i r u s  p a t h o g e n s  
v i a  w a t e r  s u g g e s t e d  e l e m e n t s  o f  t h e  t e c h n o l o g y  d e v e l o p e d  f o r  
r e c o v e r y  o f  human v i r u s  p a t h o g e n s  m i g h t  b e  a p p l i c a b l e  t o  t h e  
r e c o v e r y  o f  f i s h  v i r u s  p a t h o g e n s .  E x i s t i n g  e q u i p m e n t  and  
p r o c e d u r e s  u s e d  f o r  t h e  c o n c e n t r a t i o n  o f  human e n t e r i c
1
2v i r u s e s  f ro m  w a t e r  w ere  t e s t e d  f o r  t h e i r  a p p l i c a t i o n  t o  t h e  
r e c o v e r y  o f  f i s h  v i r u s .  I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  
v i r u s  was u s e d  a s  t h e  t e s t  f i s h  v i r u s  p a t h o g e n  i n  l a b o r a t o r y  
s t u d i e s  i n  w h ich  a mode l  s y s t e m  was d e v e l o p e d  f o r  t h e  
s u c c e s s f u l  r e c o v e r y  o f  t h i s  v i r u s .  The  u s e f u l n e s s  o f  t h e  
m e th o d  d e v e l o p e d  f o r  r e c o v e r y  o f  IPN v i r u s  was t e s t e d  i n  
f i e l d  t r i a l s  a t  t h e  N a t i o n a l  F i s h  H a t c h e r y ,  B e r l i n ,  New 
H a m p s h i r e .
3LITERATURE REVIEW
E n t e r o v i r u s e s  a r e  p o t e n t i a l l y  p a t h o g e n i c  t o  man and  
b e c a u s e  a s i n g l e  v i r i o n  may b e  i n f e c t i o u s ,  m e th o d s  o f  
c o n c e n t r a t i n g  s m a l l  n u m b e rs  o f  t h e s e  v i r u s e s  i n  w a t e r  o r  
w a s t e w a t e r  h a v e  b e e n  p r o p o s e d  a n d  e v a l u a t e d .  E a r l y  work was 
l i m i t e d  t o  s a m p l e  c o l l e c t i o n  m e th o d s  s u c h  a s  g r a b  s a m p l e s  
( M e l n i c k  e t  a l . ,  1954) w h ic h  w e re  e f f e c t i v e  o n l y  i f  l a r g e
a m o u n t s  o f  v i r u s  w ere  p r e s e n t  i n  t h e  w a t e r .  A method  f o r  
c o n c e n t r a t i o n  o f  t h e  v i r u s e s  i n  w a t e r  was r e q u i r e d .  
S u s p e n s i o n  o f  a g a u z e  pad i n  f l o w i n g  w a t e r  ( M e l n i c k  e t  a l . , 
1954) r e s u l t e d  i n  c o l l e c t i o n  o f  p a r t  o f  t h e  v i r u s  c o n t e n t  o f  
s u r f a c e  w a t e r s .  U n f o r t u n a t e l y  t h e  m e thod  d i d  n o t  p e r m i t  
q u a n t i t a t i v e  e n u m e r a t i o n  o f  v i r u s  s i n c e  i t  made no  p r o v i s i o n  
f o r  m e a s u r i n g  w a t e r  volume p a s s i n g  t h r o u g h  t h e  p a d .  A 
s u b s e q u e n t  a t t e m p t  t o  q u a n t i t a t e  t h e  v i r u s  r e c o v e r y  p r o c e s s  
was made ( L i u  e t  a l . ,  1 9 7 1 ) ,  b u t  t h e  e f f i c i e n c y  o f  t h e
m e th o d  was f o u n d  t o  be  low ( K a t z e n e l s o n  § t  a l . ,  1 9 7 6 ) .  The 
f u r t h e r  d e v e l o p m e n t  o f  m e th o d s  f o r  t h e  c o n c e n t r a t i o n  o f  
v i r u s e s  i n  w a t e r  h a s  b e e n  b a s e d  on p h y s i o c h e m i c a l  p r o p e r t i e s  
o f  t h e  v i r u s  p a r t i c l e .  I n  a q u e o u s  s o l u t i o n ,  t h e  v i r u s  
b e h a v e s  a s  an a m p h o t e r i c ,  h y d r o p h i l i c  c o l l o i d  s i m i l a r  t o  
p r o t e i n s .  The n e t  c h a r g e  o f  t h e  v i r i o n  i s  a  f u n c t i o n  o f  t h e  
pH, i o n i c  c o m p o s i t i o n  and  i o n i c  s t r e n g t h  o f  t h e  s o l u t i o n .  A 
v i r u s  p a r t i c l e  a l s o  p o s s e s s e s  a  m e a s u r a b l e  m o l e c u l a r  w e i g h t  
a n d  s i z e .  U s in g  t h e s e  p r o p e r t i e s ,  c o n c e n t r a t i o n  m e th o d s  f o r  
w a t e r  b o r n e  v i r u s e s  h a v e  b e e n  d e v e l o p e d .  M ethods  i n c l u d i n g
4f i l t e r  a d s o r p t i o n - e l u t i o n ,  p r e c i p i t a t i o n  by  o r  a d s o r p t i o n  t o  
p o l y v a l e n t  c a t i o n  s a l t s ,  i n s o l u b l e  p o l y e l e c t r o l y t e s  o r  
m i n e r a l s ,  a q u e o u s  p o ly m e r  t w o - p h a s e  s e p a r a t i o n ,
u l t r a f i l t r a t i o n ,  r e v e r s e  o s m o s i s ,  h y d r o e x t r a c t i o n  and 
e l e c t r o p h o r e s i s  h a v e  b e e n  r e v i e w e d  ( H i l l  e t  a l . , 1971;  
F i e l d s ,  1974 ;  S o b s e y ,  1 9 7 6 ) .  S o b s e y  (1976)  i n d i c a t e s  t h a t  
e a c h  m e th o d  f o r  t h e  c o n c e n t r a t i o n  o f  e n t e r o v i r u s e s  h a s  
s p e c i f i c  a n d  u n i q u e  l i m i t a t i o n s  i n  d i f f e r e n t  w a t e r s  a n d  no 
u n i v e r s a l  m e thod  h a s  b e e n  d e v e l o p e d .  The b e s t  e v a l u a t e d  
m e t h o d s  o f  v i r u s  c o n c e n t r a t i o n  i n v o l v e  t h e  u s e  o f  membrane 
a d s o r p t i o n - e l u t i o n  t e c h n i q u e s .  I n  o r d e r  t o  r e c o v e r  v i r u s ,  a 
w a t e r  s a m p l e  m u s t  be  t r e a t e d  i n  a way t h a t  r e m o v e s  v i r u s  
f rom  t h e  w a t e r  by a d s o r p t i o n  t o  a  f i l t e r .  The  o b s e r v a t i o n  
t h a t  e n t e r o v i r u s  c o u l d  b e  made t o  a d s o r b  o r  p a s s  t h r o u g h  
membrane  f i l t e r s  by  c h a n g e s  b r o u g h t  a b o u t  i n  v i r u s  
s u s p e n d i n g  medium was  r e p o r t e d  by W a l l i s  and  M e l n i c k  ( 1 9 6 7 ) .  
E n h a n c e d  v i r a l  a d s o r p t i o n  o c c u r r e d  f o l l o w i n g  t h e  a d d i t i o n  o f  
a  d i v a l e n t  c a t i o n  and  l o w e r i n g  t h e  pH t o  5 . 0 .  I t  was a l s o  
f o u n d  t h a t  o r g a n i c  s u b s t a n c e s  a t  membrane  s u r f a c e s ,  membrane 
c o a t i n g  c o m p o n e n t s  (MCC), i n t e r f e r e d  w i t h  v i r a l  a d s o r p t i o n ,  
a n d  w ere  r e s p o n s i b l e  f o r  v i r u s  p a s s a g e  t h r o u g h  a f i l t e r .
The  a b i l i t y  o f  a v i r u s  t o  r e v e r s i b l y  a d s o r b  t o  a 
membrane s u r f a c e  i s  i n  l a r g e  p a r t  due  t o  e l e c t r o s t a t i c  
f o r c e s .  R e c o v e r y  o f  v i r u s  f ro m  f i l t e r  s u r f a c e s  u s u a l l y  i s  a 
tw o  s t e p  p r o c e s s .  The f i r s t  s t e p  i s  e l u t i o n  w i t h  a s m a l l  
v o lu m e  o f  e l u e n t  w h ich  i s  u s u a l l y  e i t h e r  an  a l k a l i n e  
p r o t e i n a c e o u s  f l u i d  s u c h  a s  b e e f  e x t r a c t  o r  n u t r i e n t  b r o t h
5o r  an a l k a l i n e  b u f f e r  o f  g l y c i n e  ( 0 . 0 5 - 0 . 1  M). I f  t h e  
r e s u l t i n g  e l u a t e  vo lum e  i s  t o o  l a r g e  t o  p e r m i t  a d e q u a t e  
t e s t i n g  f o r  v i r u s ,  a  r e c o n c e n t r a t i o n  s t e p  f o l l o w s .  F i v e  
v i r u s  r e c o n c e n t r a t i o n  m e th o d s  a r e  a v a i l a b l e :  1.  membrane
a d s o r p t i o n - e l u t i o n  w i t h  s u c c e s s i v e l y  s m a l l e r  f i l t e r s ,  2. 
a q u e o u s  p o l y m e r  t w o - p h a s e  s e p a r a t i o n ,  3 .  h y d r o e x t r a c t i o n  4 .  
g e l  f l o c c u l a t i o n  a n d  5 .  a d s o r p t i o n  t o  fo rm e d  p r e c i p i t a t e s .  
D e t a i l s  o f  t h e s e  m e th o d s  a n d  t h e i r  u s e f u l n e s s  i n  t h e  s t u d y  
a r e  d i s c u s s e d  u n d e r  r e s u l t s .
Many d i f f e r e n t  t y p e s  o f  membrane  f i l t e r s  h a v e  b e e n  
u s e d  t o  a d s o r b  v i r u s .  W a l l i s  a n d  M e l n i c k  (1967)  c l a r i f i e d  
raw s e w a g e  t h r o u g h  a f i b e r g l a s s  M i l l i p o r e  AP20 f i l t e r  a n d  a 
c e l l u l o s e  n i t r a t e  M i l l i p o r e  GS f i l t e r .  They  rem o v e d  MCC 
w i t h  an a n i o n  e x c h a n g e  r e s i n ,  a n d  a d s o r b e d  v i r u s  t o  a 
c e l l u l o s e  e s t e r  M i l l i p o r e  HA f i l t e r  i n  t h e  p r e s e n c e  o f  0 . 0 5  
M MgCl2 .  E l u t i o n  was a c c o m p l i s h e d  w i t h  a s e ru m  e l u e n t .  
A p p r o x i m a t e l y  80% o f  t h e  v i r u s  i n p u t  was r e c o v e r e d .  Rao and  
L a b z o f f s k y  (1969)  u t i l i z e d  a  f i b e r g l a s s  p r e f i l t e r  M i l l i p o r e  
AP20 and  a 0 . 4 5  um c e l l u l o s e  e s t e r  f i l t e r  i n  t h e  p r e s e n c e  o f  
20.0 mg/1 o f  Ca+ + . E l u t i o n  u s i n g  3% b e e f  e x t r a c t  a t  pH 8 . 0  
y i e l d e d  an  a v e r a g e  r e c o v e r y  o f  92%.
Membrane c a r t r i d g e  f i l t e r s  ( M i l l i p o r e  M i l l i t u b e ,  
t y p e  HA p o r o s i t y  0 . 4 5  um) w e r e  u s e d  t o  r e c o v e r  s m a l l  a m o u n t s  
o f  p o l i o v i r u s  t y p e  1 f rom  380 1 o f  p r e c l a r i f i e d  w a t e r  by 
H i l l  e t  a l .  ( 1 9 7 2 ) .  V i r u s  a d s o r p t i o n  was a t  pH 4 . 5  i n  t h e  
p r e s e n c e  o f  1200 mg/1 Mg++. E l u t i o n  was a c c o m p l i s h e d  u s i n g  
5X n u t r i e n t  b r o t h - 0 . 0 5  M b i c a r b o n a t e  b u f f e r  pH 9 . 0 .
6R e c o n c e n t r a t i o n  by  a q u e o u s  p o l y m e r  t w o - p h a s e  s e p a r a t i o n  was  
u s e d .  V i r u s  r e c o v e r i e s  a v e r a g e d  43%.
U s i n g  f i b e r g l a s s  o r  c e l l u l o s e  a c e t a t e  c a r t r i d g e  
f i l t e r s ,  M e t c a l f  e t  a l .  (1973) c o n c e n t r a t e d  p o l i o v i r u s  t y p e  
1 f rom  18 1 o f  s e e d e d  a r t i f i c i a l  s e a w a t e r  w i t h  no  pH
a d j u s t m e n t s  and  no a d d e d  s a l t .  E l u t i o n  was  a t  pH 1 1 . 5  w i t h  
g l y c i n e  b u f f e r  a n d  93* o f  t h e  a d d e d  v i r u s  was r e c o v e r e d .
W a l l i s  e t  a l .  (1972a)  h a v e  u t i l i z e d  a p o r t a b l e  
v i r u s  c o n c e n t r a t o r  f o r  c o n c e n t r a t i o n  o f  v i r u s  i n  l a r g e  
v o lu m e s  o f  w a t e r .  The  w a t e r  was c l a r i f i e d  t h r o u g h  a  s e r i e s  
o f  o r l o n  o r  p o l y e s t e r  c a r t r i d g e  f i l t e r s .  MgCl2 was a d d e d  t o  
a  f i n a l  c o n c e n t r a t i o n  o f  0 . 0 5  M a n d  v i r u s  was t h e n  a d s o r b e d  
t o  a  f i b e r g l a s s  o r  c e l l u l o s e  a c e t a t e  c a r t r i d g e  f i l t e r .  
E l u t i o n  w i t h  pH 1 1 . 5  g ly c in e - N a O H  b u f f e r  f o l l o w e d .  V i r u s  
was r e c o n c e n t r a t e d  by a d j u s t m e n t  o f  pH t o  3 . 5 ,  a d d i t i o n  o f  
HgCl2 t o  a f i n a l  c o n c e n t r a t i o n  o f  0 . 0 5  H and  a d s o r p t i o n  t o  a 
90 mm d i a m e t e r  membrane f i l t e r .  E l u t i o n  o f  t h i s  membrane 
w i t h  a s m a l l  volume o f  t h e  same e l u e n t  r e s u l t e d  i n  78% v i r u s  
r e c o v e r y  a n d  e f f e c t i v e  c o n c e n t r a t i o n  f ro m  1135 1 t o  20 ml.  
I m p r o v e m e n t s  i n  t h i s  s y s t e m  i n c l u d e d :  u s e  o f  M i l l i p o r e  HA
membranes  t o  c l a r i f y  t h e  w a t e r ,  a n d  u s e  o f  A1C13 i n  a  f i n a l  
c o n c e n t r a t i o n  o f  0 . 0 0 0 5  M. A d s o r p t i o n  t o  c e l l u l o s e  e s t e r  
membranes  was f o l l o w e d  by  e l u t i o n  a t  pH 1 1 . 5  w i t h  a 
g l y c in e - N a O H  b u f f e r  a n d  r e c o n c e n t r a t i o n  u s i n g  s m a l l e r  
d i a m e t e r  membranes  and  membrane a d s o r p t i o n - e l u t i o n .  T h i s  
r e s u l t e d  i n  r e c o v e r y  o f  up t o  94% o f  t h e  a d d e d  v i r u s  and  an 
e f f e c t i v e  c o n c e n t r a t i o n  f rom  1890 1 t o  5 ml ( W a l l i s  e t  a l . ,
71 9 7 2 b ) .
M e t c a l f  e t  a l .  (1974)  a p p l i e d  t h e  u s e  o f  t h e  
p o r t a b l e  v i r u s  c o n c e n t r a t o r  ( A g u e l l a - C a r b o r u n d u m  Company,  
N i a g a r a  F a l l s ,  N .Y .)  t o  p o l l u t e d  c o a s t a l  w a t e r s .  
M o d i f i c a t i o n s  i n  t h e  s y s t e m  w e r e  t h e  u s e  o f  f i b e r g l a s s  
c a r t r i d g e  f i l t e r s  and f i b e r g l a s s - a s b e s t o s - e p o x y  Cox f i l t e r  
m em branes  a s  a d s o r b i n g  f i l t e r s .  F low r a t e s  u s e d  were  l e s s  
t h a n  760  m l / m i n .  W a te r  s a m p l e s  were  a d j u s t e d  t o  pH 3 . 5  and 
0.0005M h l c l 3 was u s e d  t o  e n h a n c e  v i r u s  a d s o r p t i o n .  V i r u s  
was r e c o v e r e d  f r o m  f i l t e r s  w i t h  a g ly c in e -N a O H  e l u e n t ,  pH
1 1 . 5 .  B e c o n c e n t r a t i o n  was a c c o m p l i s h e d  b y  a d s o r p t i o n  t o  and 
e l u t i o n  f ro m  s u c c e s s i v e l y  s m a l l e r  Cox f i l t e r s .  R e c o v e r i e s  
o f  p o l i o v i r u s  a p p r o a c h e d  71$  a n d  a n  e f f e c t i v e  c o n c e n t r a t i o n  
f rom  95 1 t o  10 ml was a c h i e v e d .
S o b s e y  e t  a l .  (1973)  u s e d  t h e  p o r t a b l e  v i r u s  
c o n c e n t r a t o r  t o  s t u d y  c l e a n  w a t e r .  F i b e r g l a s s  and  Cox 
f i l t e r s  w e re  u s e d  t o  c o l l e c t  v i r u s  a f t e r  a d j u s t m e n t  o f  
s a m p l e  pH t o  3 . 5 .  N e i t h e r  c l a r i f y i n g  f i l t e r s  n o r  e n h a n c i n g  
s a l t  w e re  u s e d .  E l u t i o n  w i th  pH 1 1 . 5  g ly c in e -N a O H  and  
r e p e t i t i v e  a d s o r p t i o n  t o  a n d  e l u t i o n  f r o m  s m a l l e r  d i a m e t e r  
Cox f i l t e r s  y i e l d e d  77$  v i r u s  r e c o v e r y .  Water  vo lum e was 
e f f e c t i v e l y  c o n c e n t r a t e d  f ro m  378 1 t o  10 ml.
H i l l  e t  a l .  (1974)  i n t r o d u c e d  t h e  u s e  o f  a  J o h a n s e n  
p r o p o r t i o n e r  ( p o s i t i v e  p r e s s u r e  d i s p l a c e m e n t  pump) f o r  
s i m u l t a n e o u s  i n j e c t i o n  o f  a c i d  a n d  a d s o r p t i o n - e n h a n c i n g  s a l t  
i n t o  w a t e r  p r i o r  t o  p a s s a g e  t h r o u g h  a d s o r b i n g  f i l t e r s .  The 
p r o p o r t i o n e r  was r e f e r r e d  t o  a s  a  w a t e r  c o n d i t i o n i n g
8a p p a r a t u s .  The a d s o r b i n g  f i l t e r s  t e s t e d  w i t h  i t s  u s e  w e re
H i l l i p o r e  f i l t e r s  and  f i b e r g l a s s  m i c r o f i l t e r s .
C o x s a c k i e v i r u s  B1,  c o x s a c k i e v i r u s  A9, r e o v i r u s  t y p e  1 a n d  
p o l i o v i r u s  t y p e  1 e a c h  w e re  r e c o v e r e d  f r o m  s a m p l e s  o f  380  1 .
One h u n d r e d  p l a q u e  f o r m i n g  u n i t s  (PFU) o f  p o l i o v i r u s  1 w e r e
r e c o v e r e d  w i t h  an  a v e r a g e  r e c o v e r y  v a r y i n g  f r o m  25 t o  5051.
J a k u b o w s k i  e t  a l .  (1974)  d e s c r i b e d  a
v i r u s - a d s o r b i n g  u n i t  o f  f i l t e r  t u b e s  co m p o sed  o f  g l a s s  
m i c r o f i b e r s  b o n d e d  w i t h  epoxy  r e s i n  ( B a l s t o n  I n c . )  w i th  a 
p o r o s i t y  o f  8 um. P r i o r  t o  p a s s a g e  t h r o u g h  t h e  f i l t e r s ,  t h e  
w a t e r  was a d j u s t e d  t o  pH 3 . 5 .  The  v i r u s  was e l u t e d  w i t h  
0 . 0 5  M g l y c i n e  b u f f e r  pH 1 1 . 5  a n d  r e c o n c e n t r a t e d  by 
f i l t e r i n g  t h r o u g h  a s t a c k e d  s e r i e s  o f  epoxy  f i b e r g l a s s  d i s k  
f i l t e r s .  I n  l a b o r a t o r y  s t u d i e s  w i t h  s a m p l e s  c o n s i s t i n g  o f  
380 1 ,  w i t h  a d d e d  p o l i o v i r u s ,  r e c o v e r i e s  r a n g e d  f ro m  42-5751.
I n  a  l a t e r  s t u d y ,  J a k u b o w s k i  e t  a l .  (1975)  
e v a l u a t e d  B a l s t o n  e p o x y  f i b e r g l a s s  t u b e s ,  MF n i t r o c e l l u l o s e  
m e m b ran es ,  a n d  AA Cox M-780 d i s k s  f o r  t h e i r  v i r u s  a d s o r b i n g  
e f f i c i e n c y .  The pH was a d j u s t e d  t o  3 . 5  a n d  t h e  f l o w  r a t e  
was 380 m l / m i n  f o r  380 1 s a m p l e s .  The f i l t e r s  w e re  e l u t e d  
w i t h  g ly c i n e - N a O H  b u f f e r ,  pH 1 1 . 5 ,  and  r e c o n c e n t r a t e d  by  
membrane a d s o r p t i o n  u s i n g  Cox f i l t e r s .  V i r u s  r e c o v e r i e s  
w ere  45.355 f o r  t h e  B a l s t o n  f i l t e r s ,  3 0 . 99C f o r  HF 
n i t r o c e l l u l o s e  m embrane ,  39 55 f o r  t h e  Cox d i s k s  a n d  28.8% f o r  
t h e  K27 p l u s  Cox d i s k .
The  v i r u s  a d s o r b i n g  e f f e c t i v e n e s s  o f  t h e s e  f i l t e r s  
i n  v a r i o u s  c o m b i n a t i o n s  was e v a l u a t e d  by H i l l  e t  §.1. (19 76)
9a s  p a r t  o f  t h e  d e v e l o p m e n t  o f  a  s t a n d a r d  method f o r  
d e t e c t i o n  o f  v i r u s  i n  d r i n k i n g  w a t e r .  A d j u s t m e n t s  o f  pH and 
e l u t i o n s  w e r e  c a r r i e d  o u t  t h e  same a s  i n  e a r l i e r  s t u d i e s .  
No s i g n i f i c a n t  d i f f e r e n c e  i n  v i r u s  d e t e c t i o n  s e n s i t i v i t y  was 
f o u n d  w i t h  r e c o v e r y  e f f i c i e n c y  r a n g i n g  f rom  28— <*29E.
The f l o w  r a t e  o f  t h e  v i r u s  c o n c e n t r a t i o n  s y s t e m s  
d i s c u s s e d  was a p p r o x i m a t e l y  380  ml t o  760  r a l / m i n ,  F a r r a h  e t  
a l .  (1976) d e s c r i b e d  t h e  u s e  o f  f i b e r g l a s s  d e p t h  c a r t r i d g e  
f i l t e r  a l o n g  w i t h  a 10 i n  p l e a t e d  e p o x y  f i b e r g l a s s  f i l t e r  
w i t h  f l o w  r a t e s  o f  3 7 . 8  1 / m i n .  The w a t e r  was a d j u s t e d  t o  pH
3 . 5  a n d  1 9 , 0 0 0  1 w e r e  p a s s e d  t h r o u g h  t h e  f i l t e r s .  E l u t i o n  
was  a c c o m p l i s h e d  u s i n g  g l y c i n e  b u f f e r ,  pH 1 0 . 5 ,  and  t h e  
e l u a t e  r e c o n c e n t r a t e d  by a luminum f l o c c u l a t i o n .  V i r u s  
r e c o v e r i e s  a v e r a g e d  U0-50%. F u r t h e r ,  F a r r a h  e t  a l .  (1977a)  
h a v e  r e p o r t e d  t h a t  t h e  p l e a t e d  f i l t e r s  c a n  be r e g e n e r a t e d  
a n d  r e u s e d  w i t h  t h e  same a d s o r p t i v e  c a p a c i t y .
T h i s  s y s t e m  was e v a l u a t e d  u s i n g  e s t u a r i n e  w a t e r  
( F a r r a h  e t  a l . ,  1977b) a t  pH 3 . 5  w i t h  t h e  p r e s e n c e  o f  0 . 0 0 0 5  
M A l C l ^ • R e c o v e r y  o f  t e s t  p o l i o v i r u s  a d d e d  t o  hOO 1 
a v e r a g e d  10% i n  3 1 o f  0 . 0 5  M g l y c i n e  b u f f e r  pH 1 1 . 5 .
R e c o n c e n t r a t i o n  o f  t h e  e l u a t e s  was made more d i f f i c u l t  by 
t h e  am oun t  o f  o r g a n i c  com pounds  p r e s e n t .  An a lum inum  
h y d r o x i d e  f l o c c u l a t i o n  p r o c e d u r e  f o l l o w e d  by h y d r o e x t r a c t i o n  
o r  u l t r a f i l t r a t i o n  y i e l d e d  60-Q0% o f  t h e  v i r u s  p r e s e n t  i n  
t h e  e l u a t e .
F i e l d s  a n d  M e t c a l f  (1975)  c o n c e n t r a t e d  a d e n o v i r u s  
f rom s e a w a t e r  u s i n g  p r e t r e a t e d  o r l o n  a n d  c e l l u l o s e  a c e t a t e
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f i l t e r s  t o  c l a r i f y  t h e  w a t e r  a n d  K27 f i b e r g l a s s  c a r t r i d g e  
f i l t e r s  p l u s  e p o x y  f i b e r g l a s s  Cox f i l t e r s  t o  a d s o r b  v i r u s .  
A d s o r p t i o n  was c a r r i e d  o u t  a t  pH 4 . 5  i n  t h e  p r e s e n c e  o f  0 . 0 5  
M MgCI^ .  A d e n o v i r u s  r e c o v e r y  was  90%.
The a q u e o u s  p o l y m e r  t w o - p h a s e  s e p a r a t i o n  t e c h n i q u e  
f o r  c o n c e n t r a t i o n  h a s  a m a j o r  d i s a d v a n t a g e .  The s a m p l e  
v o lu m e  t h a t  c a n  b e  h a n d l e d  r e a l i s t i c a l l y  i s  s m a l l .  I t  i s  
m o s t  o f t e n  u s e d  a s  a  s e c o n d  s t e p  r e c o n c e n t r a t i o n  p r o c e d u r e .  
S o l u b i l i z a t i o n  o f  two d i f f e r e n t  p o l y m e r s  i n  w a t e r  u s i n g  
c e r t a i n  c o n d i t i o n s  o f  pH, i o n i c  s t r e n g t h  a n d  i o n i c  
c o m p o s i t i o n  w i l l  r e s u l t  i n  t h e  d e v e l o p m e n t  o f  two p h a s e s  
w i t h  t h e  v i r u s  p a r t i t i o n e d  i n t o  one  o f  t h e s e  p h a s e s  
( P h i l i p s o n  e t  a l . , 1 9 6 0 ) .  V i r u s  p a r t i t i o n i n g  i s  t h e  r e s u l t  
o f  d i f f e r e n c e s  i n  p a r t i c l e  s i z e  and s u r f a c e  p r o p e r t i e s  and  
d i s t r i b u t i o n  o f  v i r u s  i n  o n e  o f  two l i q u i d  p h a s e s .  
C o n c e n t r a t i o n  i s  a c h i e v e d  by making  t h e  v i r u s - c o n t a i n i n g  
l i q u i d  p h a s e  s m a l l ,  c o m p a r e d  t o  i t s  o r i g i n a l  v o lu m e .  The 
p o l y m e r s  m o s t  o f t e n  used  a r e  d e x t r a n  s u l f a t e  (DS) and  
p o l y e t h y l e n e  g l y c o l  (PEG). Sodium c h l o r i d e  i s  a d d e d .  
D e x t r a n  s u l f a t e  c a n  b e  d e t r i m e n t a l  t o  e n t e r o v i r u s  and  i s  
o f t e n  p r e c i p i t a t e d  o u t  w i th  KCl,  o r  d e x t r a n  i s  s u b s t i t u t e d  
( G r i n d r o d  a n d  C l i v e r ,  1 9 6 9 ) .
S h u v a l  e t  a l .  (1969) s t u d i e d  a o n e - s t e p  1 7 3 - f o l d  
c o n c e n t r a t i o n  a n d  a t w o - s t e p  5 2 0 - f o l d  c o n c e n t r a t i o n  m e th o d .  
The o n e - s t e p  c o n c e n t r a t i o n  r e s u l t e d  i n  87% r e c o v e r y  w h i l e  
t h e  t w o - s t e p  r e s u l t e d  i n  100% r e c o v e r y .
Nupen (1970) e x a m in e d  t h e  r e c o v e r y  o f  e n t e r o v i r u s
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f ro m  w a s t e w a t e r  a n d  a v e r a g e d  44% r e c o v e r y  w i t h  a one  s t e p  
p r o c e s s  a n d  22% r e c o v e r y  w i t h  a  tw o  s t e p  p r o c e d u r e .  H i l l  e t  
a l . (1972) e x a m in e d  t h e  r e c o v e r y  o f  e n t e r o v i r u s  f ro m  
membrane c a r t r i d g e  f i l t e r s  u s i n g  low  l e v e l s  o f  p o l i o v i r u s  
t y p e  1 .  R e c o v e r i e s  a v e r a g e d  43% f rom  e s t u a r i n e  and t a p  
w a t e r .
F i e l d s  a n d  M e t c a l f  (1975)  s u c c e s s f u l l y  e m p lo y e d  a n  
a q u e o u s  p o l y m e r  two p h a s e  p r o c e d u r e  t o  r e c o n c e n t r a t e  
a d e n o v i r u s  f ro m  e l u a t e s  o f  membrane  c a r t r i g e  f i l t e r s .  V i r u s  
r e c o v e r i e s  a v e r a g e d  48%.
F a t t a l  e t  a l .  (1974) c o n c e n t r a t e d  s m a l l  a m o u n t s  o f  
e n t e r o v i r u s  140 t i m e s  f rom 5 1 v o lu m e s  o f  t a p  w a t e r  u s i n g  
t h e  p h a s e  s e p a r a t i o n  m e thod  o f  S h u v a l  e t  a l .  ( 1 9 6 9 ) .  
R e c o v e r i e s  o f  p o l i o v i r u s  t y p e  1 and  e c h o v i r u s  t y p e  7 
a v e r a g e d  100% a n d  125% r e s p e c t i v e l y .  T a p w a t e r  c o n t a m i n a t e d  
w i t h  sew ag e  y i e l d e d  o n l y  5% r e c o v e r y  o f  n a t u r a l  e n t e r o v i r u s .
F l o c c u l a t i o n  o f  b e e f  e x t r a c t  a t  low  pH h a s  b een  
s t u d i e d  a s  a s e c o n d  s t e p  r e c o n c e n t r a t i o n  p r o c e s s  b y  
K a t z e n e l s o n  e t  a l .  (1976)  . C o m p a r i s o n  Of pH 3 . 5 ,  4 . 0  and
4 . 5  f o l l o w e d  by r e s u s p e n s i o n  o f  t h e  f l o e  i n  Na2HP04 ( 0 . 1 5  M) 
showed  t h a t  a t  pH 3 . 5  r e c o v e r i e s  r a n g e d  f ro m  69 t o  123%, a t  
pH 4 . 0  f rom 77  t o  114%, and a t  pH 4 . 5  f ro m  54 t o  89%. The 
m e thod  was f u r t h e r  e v a l u a t e d  u s i n g  a " s t a n d a r d "  method f o r  
i s o l a t i o n  o f  v i r u s  i n  d r i n k i n g  w a t e r  (a  membrane a d s o r p t i o n  
t e c h n i q u e )  ( H i l l  e t  a l . ,  1 9 7 6 ) .  E l u t i o n  was p e r f o r m e d  i n  
p a r a l l e l  w i t h  g ly c in e -N a O H  b u f f e r  pH 1 1 . 5  a n d  3% b e e f  
e x t r a c t  pH 9 . 0 .  R e c o n c e n t r a t i o n  o f  t h e  g l y c i n e  e l u a t e s  by
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membrane a d s o r p t i o n  and  o f  b e e f  e x t r a c t  e l u a t e s  by 
f l o c c u l a t i o n  was c o m p a r e d .  F i v e  h u n d r e d  l i t e r s  o f  t a p  w a t e r  
w e re  t e s t e d  w i th  a mean r e c o v e r y  f ro m  t h e  g l y c i n e  b u f f e r  o f  
35% a n d  w i t h  a  mean r e c o v e r y  f ro m  t h e  o r g a n i c  f l o c c u l a t i o n  
o f  74 .4% .
G l y c i n e  e l u a t e s  h a v e  b e e n  r e c o n c e n t r a t e d  b y  
a d s o r p t i o n  t o  a f l e e  fo r m e d  a t  pH 7 . 0  u s i n g  AlCl^ o r  pH 3 . 5  
u s i n g  FeC3-3 (P aym en t  e t  a l . ,  1 9 7 6 ) .  F o l l o w i n g  s e p a r a t i o n  o f  
t h e  f l o e ,  v i r u s  was r e c o v e r e d  b y  e l u t i o n  w i t h  a s m a l l  v o lu m e  
o f  g l y c i n e  pH 1 1 . 5  ( f o r  A l C l ^ ) o r  f e t a l  c a l f  s e ru m  (FCS) 
( f o r  F e C l g ) .  The f o r m a t i o n  o f  a  s e c o n d  f l o e  f o l l o w e d  b y  
e l u t i o n  o f  v i r u s  was n e c e s s a r y  f o r  t h e  AlCLj p r o c e d u r e .  
R e c o v e r i e s  o f  v i r u s  u s i n g  e i t h e r  p r o c e d u r e  a v e r a g e d  54%.
The p r o c e s s  o f  h y d r o e x t r a c t i o n  e x p o s e s  a s a m p l e  t o  a 
m a c r o m o l e c u l a r  h y d r o s c o p i c  m a t e r i a l  a c r o s s  a s e m i p e r m e a b l e  
membrane.  H a t e r ,  b u t  n o t  v i r u s ,  p a s s e s  t h r o u g h  t h e  
m embrane ,  r e s u l t i n g  i n  a r e d u c t i o n  o f  s a m p l e  v o lu m e .  O l i v e r  
(1967)  u s e d  h y d r o e x t r a c t i o n  t o  c o n c e n t r a t e  100 ml v i r u s  
s a m p l e s  t o  2 ml i n  2 t o  3 h u s i n g  PEG 2 0 , 0 0 0 .  V i r u s  
r e c o v e r i e s  v a r i e d  f rom  10 t o  30%. S h u v a l  e t  a l .  (1967)  
e f f e c t e d  a 100 f o l d  c o n c e n t r a t i o n  o f  1 1 v i r u s  s u s p e n s i o n s  
w i t h i n  18 h .  V i r u s  r e c o v e r i e s  r a n g e d  f ro m  20 t o  50%. The 
m a j o r  l o s s  o f  v i r u s  was a t t r i b u t e d  t o  i t s  a d s o r p t i o n  t o  
membrane  s u r f a c e s .
The f i r s t  f i s h  v i r u s  t o  be i s o l a t e d  was t h e  c a u s a l  
a g e n t  o f  IPN,  a d i s e a s e  o f  s a l m o n i d s  (Wolf  e t  a l . ,  1 9 6 0 ) .  
I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  i s  a c u t e ,  h i g h l y  c o n t a g i o u s
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a n a  c a n  r e s u l t  i n  h i g h  m o r t a l i t y  o f  young  h a t c h e r y  f i s h  i n  
t h e  f r y  a n d  f i n g e r l i n g  s t a g e s .  S u r v i v o r s  o f  an  i n f e c t i o n  
r e m a i n  i n f e c t e d  a n d  become a d u l t  c a r r i e r s .  The d i s e a s e  
i n i t i a l l y  was b e l i e v e d  t o  b e  r e s t r i c t e d  t o  N o r t h  A m e r i c a .  
I t  s p r e a d  t o  F r a n c e  i n  1965 t h r o u g h  a  s h i p m e n t  o f  i n f e c t e d  
e g g s  f rom  t h e  U n i t e d  S t a t e s  (W o l f ,  1 9 6 6 b ) .  S i n c e  t h a t  t i m e  
i s o l a t i o n s  f rom  Denmark and  Sweden ( J o r g e n s e n  and  
B r e g n b a l l e ,  1 9 6 9 ) ,  I t a l y  and  t h e  U n i t e d  Kingdom (W o l f ,  
1 9 7 2 ) ,  and  J a p a n  ( S a n o ,  1971) h a v e  b e e n  d o c u m e n t e d .
I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s  was c l a s s i f i e d  
a s  a  p i c o r n a v i r u s  b a s e d  upon i t s  n u c l e i c  a c i d  t y p e  a n d  s i z e .  
I t  was r e p o r t e d  t o  b e  1 8 . 5  nm i n  d i a m e t e r  ( C e r i n i  and 
M a l s b e r g e r ,  1965) a n d  t o  c o n t a i n  ENA ( M a l s b e r g e r  and  C e r i n i ,  
1 9 6 5 ) .  As more  i n f o r m a t i o n  became a v a i l a b l e  t h i s  
c l a s s i f i c a t i o n  a p p e a r e d  i n c o r r e c t  a n d  t h e  v i r u s  was 
r e c l a s s i f i e d  a s  a  r e o v i r u s .  R e c e n t l y ,  i t  h a s  b e e n  s u g g e s t e d  
t h a t  t h e  IPN v i r u s  may b e l o n g  t o  a t o t a l l y  new g r o u p  o f  
v i r u s e s  ( K e l l y  a n d  Loh ,  1 9 7 2 ;  D o b o s ,  1 9 7 6 ) .  The 
c o n t r o v e r s y  a r o s e  o v e r  c o n f l i c t i n g  r e p o r t s  on  v i r i o n  s i z e  
a n d  n u c l e i c  a c i d  s t r a n d e d n e s s .  E l e c t r o n  m i c r o s c o p i c  
e x a m i n a t i o n  o f  n e g a t i v e l y  s t a i n e d  v i r u s  h a v e  d e s c r i b e d  
v i r i o n  s i z e  a s  65 nm ( B o s s  a n d  G r a v e l l ,  1 9 6 9 ) ,  74 nm ( K e l l y  
a n d  Loh ,  1 9 7 2 ) ,  a n d  70 nm (MacDonald and  Yamamoto,  1 9 7 7 ) .  
V i r u s  c o n t a i n i n g  s i n g l e  s t r a n d e d  ENA h a s  b e e n  d e s c r i b e d  
b a s e d  on m e t a b o l i c  i n h i b i t i o n  ( M a l s b e r g e r  a n d  C e r i n i ,  1 9 6 5 ) ,  
c y t o c h e m i c a l  and  a u t o r a d i o g r a p h i c  s t u d i e s  ( N i c h o l s o n ,  1971) 
a n d  a c t i o n  o f  p a n c r e a t i c  B N ase ,  b a s e  c o m p o s i t i o n  and  t h e r m a l
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d e n a t u r a t i o n  ( K e l l y  a n d  L o h ,  1 9 7 2 ) .  V i r u s  c o n t a i n i n g  d o u b l e  
s t r a n d e d  RNA h a s  b e e n  d e s c r i b e d  b a s e d  upon  t h e r m a l  
d e n a t u r a t i o n  ( A r g o t ,  1 9 6 9 ) ,  p a n c r e a t i c  R N ase ,  d e n s i t y  i n  
C s2S 0 4,  t h e r m a l  d e n a t u r a t i o n  a n d  b a s e  c o m p o s i t i o n  (Cohen e t  
a l . ,  1 9 7 3 ) ,  p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s ,  K l e i n s c h m i d t  
p r o t e i n  f i l m  t e c h n i q u e  a n d  RNase (MacDonald  a n d  Yamamoto,  
1 9 7 7 ) .  C o n f l i c t i n g  r e p o r t s  on a c r i d i n e  o r a n g e  s t a i n i n g  o f  
i n f e c t e d  c e l l s  a l s o  e x i s t .  The a b s e n c e  o f  p a l e  g r e e n  
i n c l u s i o n  b o d i e s  was r e p o r t e d  b y  N i c h o l s o n  (1971)  who u s e d  a 
Rainbow t r o u t  g o n ad  c e l l  l i n e  (RTG-2) i n f e c t e d  w i t h  IPN 
v i r u s .  A r g o t  a n d  M a l s b e r g e r  (1972)  r e p o r t e d  o c c a s i o n a l  
a r e a s  o f  g r e e n  f l u o r e s c e n c e  i n  a b l u e  g i l l  f i b r o b l a s t i c  c e l l  
l i n e  (BF-2) i n f e c t e d  w i t h  IPN v i r u s .  K e l l y  a n d  Loh (19 75) 
r e p o r t e d  t h e  p r e s e n c e  o f  r e d - o r a n g e  s t a i n e d  i n c l u s i o n  b o d i e s  
l a t e  i n  t h e  i n f e c t i o u s  c y c l e  o f  RTG-2 a n d  s w o r d t a i l  (SWT) 
c e l l s  i n f e c t e d  w i t h  IPN v i r u s  a t  m u l t i p l i c i t i e s  o f  10 TCID5 q 
p e r  c e l l .
I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s  i s  e x t r e m e l y  
c y t o l y t i c  a n d  e a s i l y  d e t e c t e d  i n  s u s c e p t i b l e  c e l l  c u l t u r e s  
u s i n g  e s t a b l i s h e d  f i s h  c e l l  l i n e s .  I s o l a t i o n  f ro m  i n f e c t e d  
f i s h  d u r i n g  an o u t b r e a k  i s  n o t  d i f f i c u l t  b u t  i s o l a t i o n  f ro m  
a  c a r r i e r  f i s h  may b e .  C l i n i c a l  d i a g n o s i s  i s  made on t h e  
b a s i s  o f  c h a r a c t e r i s t i c  b e h a v i o r  s u c h  a s  d i s t i n c t i v e  s p i r a l  
swimming.  P a t h o l o g i c a l  d i a g n o s i s  i s  made on t h e  b a s i s  o f  
h i s t o l o g i c a l  f i n d i n g s  (Wolf  and  Quim by,  1967) .  P o s i t i v e  
i d e n t i f i c a t i o n  i n v o l v e s  t h e  u s e  o f  c e l l  c u l t u r e s  and  s e ru m  
n e u t r a l i z a t i o n  t e s t s  (Amend a n d  Wedemeyer ,  1970) o r
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i m m u n o f l u o r e s c e n t  a s s a y  ( f i r g o t ,  1969 ;  P i p e r  e t  § 1 . #  1973 ;
1 9 7 4 ) .  I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s  h a s  
b e e n  i s o l a t e d  f rom  a v a r i e t y  o f  f i s h  t i s s u e  i n c l u d i n g  
k i d n e y s ,  o v a r i a n  f l u i d ,  e g gs, a n d  p e r i t o n e a l  w a s h i n g s .  
C o m p l e t e  g u i d e l i n e s  f o r  v i r o l o g i c a l  e x a m i n a t i o n  h a v e  b e e n  
r e p o r t e d  by  Wolf  ( 1 9 7 0 ) .
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MATERIALS AND METHODS 
Cell Cultures
A c h i n o o k  s a lm o n  e m b r y o n i c  c e l l  l i n e  (CHSE) was 
o b t a i n e d  f ro m  D r .  T.  Yamamoto, U n i v e r s i t y  o f  A l b e r t a  and  
an  RTG-2 c e l l  l i n e  was a c q u i r e d  f rom  t h e  A m e r i c a n  Type  
C u l t u r e  C o l l e c t i o n  (ATCC). Growth  m e d ia  u s e d  was M in im a l  
E s s e n t i a l  Medium, H anks  b a l a n c e d  s a l t  s o l u t i o n  (MEM-Hanks), 
s u p p l e m e n t e d  w i t h  10% f e t a l  c a l f  s e r u m  (F CS) ,  a n d  c o n t a i n i n g  
100 u n i t s  p o t a s s i u m  p e n i c i l l i n  G and  100 ug s t r e p t o m y c i n
s u l f a t e  p e r  ml.  The m a i n t e n a n c e  medium was  MEM-Hanks w i t h  
2% FCS. The c u l t u r e s  were  grown r o u t i n e l y  i n  B l a k e  b o t t l e s
a t  18 C a n d  a v e r s e n e - t r y p s i n  s o l u t i o n  was u s e d  f o r  c e l l
t r a n s f e r s  a s  d e s c r i b e d  by Wolf  a n d  Quimby ( 1 9 7 3 b ) .
A B u f f a l o  g r e e n  monkey k i d n e y  c e l l  l i n e  (BGM) was 
a c q u i r e d  f ro m  D r .  G.  B e r g ,  E n v i r o n m e n t a l  P r o t e c t i o n  
Agency .  Growth medium was MEM, E a r l e s  b a l a n c e d  s a l t  
s o l u t i o n  (MEM-Earles)  s u p p l e m e n t e d  a s  a b o v e .  M a i n t e n a n c e  
medium was M e l n i c k s  B.  The c u l t u r e s  were grown i n  r o l l e r  
b o t t l e s  a t  37 C and  a 0 .1% v e r s e n e - 0 . 125% t r y p s i n  s o l u t i o n  
was u s e d  f o r  c e l l  t r a n s f e r s .
S t o c k  V i r u s
I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  s t r a i n  VR299,
o b t a i n e d  f r o m  t h e  ATCC, was u s e d  t h r o u g h o u t  t h i s  s t u d y .
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C e l l  m o n o l a y e r s  a p p r o x i m a t e l y  75% c o n f l u e n t  were  u sed  f o r  
p r e p a r a t i o n  o f  s t o c k  v i r u s .  When a d v a n c e d  c y t o p a t h i c  
e f f e c t s  (CPE) w e re  o b s e r v e d ,  c e l l u l a r  d e b r i s  was r e m o v e d  by 
c e n t r i f u g a t i o n  a t  650 x g f o r  10 min ;  s u p e r n a t a n t s  w e r e  
c o l l e c t e d ;  and  t h e  v i r u s - c o n t a i n i n g  s u p e r n a t a n t  f l u i d  
f r o z e n  i n  5 ml a l i q u o t s  a t  - 7 0  C.
V i r u s  A s s a y s
An a s s a y  b a s e d  on CPE was  c a r r i e d  o u t  i n  M ic ro  T e s t  
I I  p l a s t i c  p l a t e s  ( F a l c o n  P l a s t i c s ) .  Each  w e l l  o f  t h e  p l a t e
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was s e e d e d  w i t h  2x 10 c e l l s  p e r  0.2 ml g r o w t h  medium; t h e
p l a t e  was s e a l e d  w i t h  s t e r i l e  t a p e  a n d  i n c u b a t e d  a t  18 C
u n t i l  m o n o l a y e r s  were 75% c o n f l u e n t .  D i l u t i o n s  o f  v i r u s
were made i n  m a i n t e n a n c e  medium, m o n o l a y e r  g r o w t h  medium was
rem oved  a n d  0 . 2  ml v i r u s  d i l u t i o n  i n o c u l a  i n t r o d u c e d .  Ten
w e l l s  p e r  d i l u t i o n  w ere  u s e d .  C y t o p a t h i c  e f f e c t s  w e re
r e c o r d e d  d a i l y  f o r  8 d a y s  a n d  t h e  50% t i s s u e  c u l t u r e
i n f e c t i v e  d o s e  (TCID50) c a l c u l a t e d  a c c o r d i n g  t o  Reed  and
Muench ( 1 9 3 8 ) .
I s o l a t i o n  o f  n a t u r a l  v i r u s  was a t t e m p t e d  u s i n g  CPE.
F i v e - t e n t h s  m i l l i l i t e r  o f  e a c h  s a m p l e  t o  be t e s t e d  was a d d e d
t o  a m o n o l a y e r  o f  CHSE o r  RTG-2 c e l l s  i n  a  p l a s t i c  f l a s k  (25 
2
cm ,  F a l c o n  P l a s t i c s )  and  a d s o r b e d  f o r  30 min a t  18 C. The 
m o n o l a y e r  was o v e r l a i d  w i th  m a i n t e n a n c e  medium and  
d e v e l o p m e n t  o f  CPE was f o l l o w e d  f o r  21 d a y s .
The F l a q u e  a s s a y  was a m o d i f i c a t i o n  o f  t h e  method
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d e s c r i b e d  by  Wolf and  Quimby ( 1 9 7 3 a ) .  A 3 d a y  i n c u b a t i o n  
p e r i o d  a t  18 C was u s e d  and  p l a g u e s  w ere  v i s u a l i z e d  w i t h  a 
l i g h t  s o u r c e  t o  a v o i d  s t a i n i n g  w i t h  c r y s t a l  v i o l e t .
I s o l a t i o n  o f  n a t u r a l  v i r u s  was a l s o  a t t e m p t e d  u s i n g  
t h i s  p l a q u e  a s s a y  by a d d i n g  0 . 5  ml o f  s a m p l e  p e r  p e t r i  d i s h .  
P l a q u e  d e v e l o p m e n t  was f o l l o w e d  u n t i l  d i s i n t e g r a t i o n  o f  t h e  
m o n o l a y e r  a t  a p p r o x i m a t e l y  10 d a y s .
A p l a q u e  a s s a y  f o r  p o l i o v i r u s  t y p e  2 i n  BGM 
m o n o l a y e r s  i n  1 o z  p r e s c r i p t i o n  b o t t l e s  (Brockw ay  G l a s s )  was 
u s e d .  S e r i a l  t e n f o l d  d i l u t i o n s  were made i n  p h o s p h a t e  
b u f f e r e d  s a l i n e  (PBS) a n d  0 . 2  ml i n o c u l a t e d  o n t o  t h e  
m o n o l a y e r s .  A f t e r  a  1 h a d s o r p t i o n  p e r i o d  a t  room 
t e m p e r a t u r e  m o n o l a y e r s  were o v e r l a i d  w i th  5 ml o f  a g a r  
o v e r l a y .  P l a q u e s  were  c o u n t e d  d a i l y  f o r  5 d a y s .
C e l l - A s s o c i a t e d  V i r u s
The p o s s i b i l i t y  o f  c e l l - a s s o c i a t e d  v i r u s  was 
e v a l u a t e d .  A 5 ml s a m p l e  o f  v i r u s  p l u s  m o n o l a y e r  c e l l u l a r  
d e b r i s  was f r o z e n  a n d  t h a w e d  t h r e e  t i m e s .  F i v e  ml s a m p l e s  
a l s o  w ere  s o n i c a t e d  u s i n g  a MSE 100 w a t t  u l t r a s o n i c  
d i s i n t e g r a t o r  f o r  2 ,  3 ,  U o r  5 min .  A l l  v i r u s  s a m p l e s ,  
i n c l u d i n g  a  5 ml c o n t r o l  s a m p l e  o f  v i r u s  p l u s  c e l l u l a r  
d e b r i s ,  were  h a r v e s t e d  a s  d e s c r i b e d  a b o v e  and  a s s a y e d  u s i n g  
t h e  TCID s y s t e m .
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S am ple  S t e r i l i z a t i o n
P r i o r  t o  i n o c u l a t i o n  o f  c e l l  c u l t u r e s ,  s a m p l e s  t o  b e  
t e s t e d  were  s t e r i l i z e d  b y  e t h y l  e t h e r  t r e a t m e n t .  One ml o f  
a n e s t h e t i c  g r a d e  e t h e r  p e r  4 ml o f  s a m p l e  was a d d e d ,  m i x e d  
t h o r o u g h l y  and  h e l d  a t  4 C f o r  1 2 -1 8  h .  The  s a m p l e  was t h e n  
t r a n s f e r e d  t o  a s t e r i l e  p e t r i  d i s h .  E t h e r  was  rem oved  
d u r i n g  a 2 h e v a p o r a t i o n  p e r i o d  on i c e  w i t h i n  a  B a k e r  
S t e r i g a r d  c a b i n e t ,  w i t h  t h e  p e t r  d i s h  c o v e r  s l i g h t l y  a j a r .
S t a b i l i t y  o f  IPN V i r u s  t o  C h an g e  i n  pH
I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s  a d d e d  t o  15 ml 
v o lu m e s  o f  0 . 0 5  M g l y c i n e  a d j u s t e d  t o  pH 4 . 0 ,  5 . 0 ,  6 . 0 ,  8 . 0 ,
9 . 0 ,  1 0 . 0  a n d  1 1 . 0  was a s s a y e d  u s i n g  T C I D ^  a s s a y  a f t e r  0 ,  
0 . 5 ,  1 . 0 ,  2 . 0 ,  4 . 0  a n d  2 4 . 0  h c o n t a c t  t i m e s .  T e s t
s u s p e n s i o n s  were  m i x e d ,  2 ml w i t h d r a w n  a n d  t h e  pH 
n e u t r a l i z e d  by  t h e  a d d i t i o n  o f  4 ml o f  m a i n t e n a n c e  medium 
w i t h  H epes  b u f f e r ,  f i n a l  c o n c e n t r a t i o n  25 mM.
The  e f f e c t  o f  a c i d  a d j u s t m e n t  t o  pH 6 . 0  was 
e x a m in e d .  I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s  was  a d d e d  t o  
4 1 a l i q u o t s  o f  0 . 0 1  M g l y c i n e ,  pH 7 . 0 .  A f t e r  a d j u s t m e n t  t o  
pH 6 . 0  u s i n g  0 . 5  N HC1, 0 . 1  N HCl o r  0 . 0 0 1  N HC1, s a m p l e s  
were  t a k e n .  The s a m p l e s  w e re  s t e r i l i z e d  by e t h e r  t r e a t m e n t
and  a s s a y e d  u s i n g  TCID_. e n d p o i n t s .50
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V i r u s  Co n c e n t r a t i o n
Passage o f  I P S  v i r u s  t h r o u g h  10 in c h  F u l f l o  f i l t e r s
(Carborundum C o . ,  T a b l e  1) was  t e s t e d  a t  pH 7 . 0 .  Each
f i l t e r  was r i n s e d  3 t i m e s  w i t h  19 1 o f  d i s t i l l e d  w a t e r  t o
rem ove  r e s i d u a l  d e t e r g e n t  and  b lown d r y  w i th  N2 . I n f e c t i o u s
3
p a n c r e a t i c  n e c r o s i s  v i r u s  ( a p p r o x i m a t e l y  1x10 T C I E ^ / m l )  
was added to  4 1 o f  0 .0 1  M g l y c i n e  and a l low ed  t o  mix f o r  5 
min.  A f te r  r em ova l  o f  a  s a m p l e  f o r  i n p u t  v i r u s  m e a s u r e m e n t ,  
t e s t  s u s p e n s i o n s  were  p a s s e d  t h r o u g h  f i l t e r s  a t  f l o w  r a t e s  
o f  380 ml/min.  A s a m p l e  o f  f i n a l  f i l t r a t e  was t a k e n  and 
a s s a y e d .
The e f f e c t  o f  c l a y  and  s a l m o n i d  f e c e s  on t h e  n y l o n  
(N39) f i l t e r  c h o s e n  f o r  c l a r i f i c a t i o n  o f  w a te r  s a m p l e s  was 
e v a l u a t e d .  I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s  was a d d e d  
t o  4 1 of  d i s t i l l e d  w a t e r ,  and  c l a y  o r  f e c e s  a t  0.2 gm/1
a d d e d .  The s u s p e n s i o n  was p a s s e d  t h r o u g h  th e  f i l t e r  a t  f l o w  
r a t e s  o f  380 m l /m in .  S a m p le s  b e f o r e  and a f t e r  c l a y  a d d i t i o n  
a s  w e l l  a s  f i l t r a t i o n  were  u s e d  t o  d e t e r m in e  v i r u s  r e s p o n s e  
t o  c l a y  and f i l t r a t i o n  t r e a t m e n t s .
V i r u s  A d s o r p t i o n  t o  F i l t e r s
E e ten t io n  o f  v i r u s  by f i l t e r s  was s t u d i e d  u s i n g  10 
i n c h  F u l f l o  f i l t e r s  ( T a b l e  1) . T e s t  v i r u s  was a d d e d  t o  4 1 
o f  0 . 0 1  M g ly c in e  a n d  t h e  pH a d j u s t e d  t o  3 . 5 ,  4 . 5  o r  6 . 0
w i t h  0 . 5  N HCl. T e s t s  w e re  c a r r i e d  o u t  a t  pH 3 . 5  w i th  f i n a l
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T a b l e  1 .  C a rb o ru n d u m  F i l t e r  D e s i g n a t i o n s
Code T y p e  o f  M a t e r i a l
019 O r i o n
039 O r i o n
W10A C e l l u l o s e  a c e t a t e
K27 F i b e r g l a s s
S39 P o l y e s t e r
39 C o t t o n
D39 D y n e l
E39 V i s c o s e
N39 Nylon
M39 P o l y p r o p y l e n e
F i l t e r s  m a n u f a c t u r e d  by C o m m e r c i a l  F i l t e r s  D i v i s i o n ,  
L e b a n o n ,  I n d i a n a .
B S S e n
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c o n c e n t r a t i o n s  o f  0 . 0 0 0 5  M AlCl^ ,  o r  w i t h  0 . 0 5  M MgC^ a t  pH
4 . 5  a n d  6 . 0 .  S u s p e n s i o n s  w e re  mixed  f o r  3 min a n d  i n p u t  
v i r u s  s a m p l e s  t a k e n .  Flow r a t e s  o f  380  m l /m in  were  
m a i n t a i n e d  a n d  s a m p l e s  o f  f i n a l  f i l t r a t e s  t a k e n  f o r  v i r u s  
t e s t s .
V i r u s  E l u t i o n  f r o m  F i l t e r s
N o n c y c l i c  e l u t i o n  o f  v i r u s  f rom f i l t e r s  was  c a r r i e d  
o u t  u s i n g  3% b e e f  e x t r a c t ,  pH 9 . 0 .  A p p r o x i m a t e l y  1 1 o f  
b e e f  e x t r a c t  p e r  f i l t e r  was a l l o w e d  t o  r e m a i n  i n  c o n t a c t  
w i t h  t h e  f i l t e r  f o r  5 min a n d  t h e n  r em oved  by  p o s i t i v e  
p r e s s u r e .  The e l u a t e  w as  n e u t r a l i z e d  t o  pH 7 . 2  w i t h  0 . 5  N 
HCl a n d  a s s a y e d  f o r  v i r u s .
C y c l i c  e l u t i o n  was p e r f o r m e d  u s i n g  a p e r i s t a l t i c  
pump ( f i a n d o lp h  o r  C o l e  P a l m e r ) .  The b e e f  e x t r a c t  was pumped 
i n  o n e  d i r e c t i o n  t h r o u g h  f i l t e r s  f o r  4 m i n ,  t h e  d i r e c t i o n  
r e v e r s e d  f o r  an  a d d i t i o n a l  4 min  a n d  t h e  e l u a t e  r e m o v e d  by 
p o s i t i v e  p r e s s u r e .  E l u a t e s  w ere  n e u t r a l i z e d  t o  pH 7 . 2  w i t h  
0 . 5  H HCl and  a s s a y e d  f o r  v i r u s .
E e c o n c e n t r a t i o n  o f  V i r u s  E l u a t e s
C o n c e n t r a t i o n  o f  e l u a t e s  was n e c e s s a r y  t o  f u r t h e r  
r e d u c e  t h e  v o lu m e  p r i o r  t o  i n o c u l a t i o n  o f  c e l l  c u l t u r e s .  
C o n c e n t r a t i o n  o f  e l u a t e s  by  u l t r a f i l t r a t i o n  was  e x a m in e d  
f i r s t .  T e s t  v i r u s  was  a d d e d  t o  100 ml o f  w a t e r  o r  b e e f
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e x t r a c t .  The  s a m p l e s  v e r e  p l a c e d  i n  an  Amicon u l t r a f i l t e r  
u n i t  w i t h  a  PM30 membrane f i l t e r .  A f t e r  r e d u c t i o n  o f  vo lum e  
t o  15 ml t h e  s u s p e n s i o n s  were a s s a y e d  f o r  v i r u s .
B e e f  e x t r a c t  f l o c c u l a t i o n  a s  d e s c r i b e d  b y  
K a t z e n e l s o n  e t  a l .  (1976) was e x a m in e d  u s i n g  450 ml o f  3% 
b e e f  e x t r a c t  w i t h  t e s t  v i r u s  a d d e d .  The s a m p l e  w as  d i v i d e d  
i n t o  3 e g u a l  p a r t s  a n d  t h e  pH a d j u s t e d  t o  3 . 5 ,  4 . 0  and  4 . 5  
r e s p e c t i v e l y .  The s u s p e n s i o n s  w ere  m ixed  f o r  30 m i n ,
f o l l o w e d  by  c e n t r i f u g a t i o n  a t  3000  x g f o r  10 min.  The
s u p e r n a t a n t  f l u i d  was  d i s c a r d e d  a n d  t h e  p r e c i p i t a t e  
r e d i s s o l v e d  i n  7 . 5  ml o f  Na2 HP04 ( 0 . 1 5  M) . The  f i n a l  pH was
7 . 2  a n d  t h e  s a m p l e s  w e re  a s s a y e d  f o r  v i r u s .
Two a q u e o u s  p o l y m e r  t w o - p h a s e  s y s t e m s  ( F i e l d s ,  1974) 
w e re  e v a l u a t e d ,  e a c h  c o n s i s t i n g  o f  two p a r t s .  I n  s y s t e m  A, 
a l l  o f  t h e  f o l l o w i n g  r e a g e n t s  were  a d d e d  d r y ,  o n e  a t  a t i m e  
w h i l e  s l o w l y  m i x i n g :  NaCl t o  0 . 0 5  M, s o d iu m  d e x t r a n  s u l f a t e
2000 t o  0.2% a n d  p o l y e t h y l e n e  g l y c o l  4000  t o  6 .4 3 % .  The 
s o l u t i o n  was a l l o w e d  t o  mix f o r  1 h a t  4 C a n d  p l a c e d  i n  a 
s e p a r a t o r y  f u n n e l  f o r  18 h a t  4 C. A f t e r  d e v e l o p m e n t  o f  t h e  
two p h a s e s  t h e  b o t t o m  p h a s e  and  i n t e r p h a s e  w ere  c o l l e c t e d  
a n d  t h e  t o p  p h a s e  d i s c a r d e d .  The p r o c e d u r e  was c o n t i n u e d  by 
s l o w l y  a d d i n g  d r y  NaCl t o  a f i n a l  c o n c e n t r a t i o n  o f  1 M and 
v o r t e x e d  t h o r o u g h l y .  A f t e r  18 h a t  4 C a n d  d e v e l o p m e n t  o f  
tw o  p h a s e s ,  f o l l o w e d  by c e n t r i f u g a t i o n  a t  120 x g f o r  10 
min,  t h e  t o p  a n d  i n t e r p h a s e  p o r t i o n s  were  r e m o v e d .  S am ples  
w ere  e t h e r i z e d  a n d  a s s a y e d  f o r  v i r u s .
I n  s y s t e m  B, t o  1 1 o f  e l u a t e ,  pH 7 . 2 ,  t h e  f o l l o w i n g
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r e a g e n t s  w ere  a d d e d ,  one a t  a  t i m e ,  w h i l e  s l o w l y  m i x i n g ;  
d r y  NaCl t o  0 . 1 5  H, 2 6 . 2  g o f  20% (w/w) d e x t r a n  2 0 0 0 ,  4 . 8  g 
m e t h y l  c e l l u l o s e  d i s s o l v e d  i n  40 g o f  h o t  5 M NaCl (20  g 
d i s t i l l e d  w a t e r  t o  r i n s e  o u t  t h e  s l u r r y ) .  The s o l u t i o n  was 
a l l o w e d  t o  mix f o r  1 h a t  4 C and  p l a c e d  i n  a  s e p a r a t o r y  
f u n n e l  f o r  48 h a t  4 C.  A f t e r  d e v e l o p m e n t  o f  t h e  two 
p h a s e s ,  t h e  b o t t o m  and  i n t e r p h a s e  p o r t i o n s  w e re  c o l l e c t e d  
and  an  e q u a l  volume o f  10JS (w/w) p o l y e t h y l e n e  g l y c o l  6000  
was a d d e d .  A f t e r  1 h m i x in g  a t  4 C,  t h e  s o l u t i o n  was p l a c e d  
i n  a s e p a r a t o r y  f u n n e l  a n d  t h e  tw o  p h a s e s  a l l o w e d  t o  d e v e l o p  
f o r  24 h a t  4 C. B o t to m  a n d  i n t e r p h a s e  p o r t i o n s  w e re  
w i t h d r a w n  a n d ,  a f t e r  e t h e r i z a t i o n ,  a s s a y e d  u s i n g  t h e  TCID50 
s y s t e m .
Model  S y s tem
A m ode l  s y s t e m  was e s t a b l i s h e d  b a s e d  on t h e  r e s u l t s  
o f  t h e  m e th o d s  d e s c r i b e d .  S a m p l e s  c o n s i s t i n g  o f  190 1 o f  
n o n c h l o r i n a t e d  t a p  w a t e r  c o n t a i n i n g  t e s t  v i r u s  w ere  p a s s e d  
t h r o u g h  a n y l o n  (N39) f i l t e r .  F i l t r a t e s  w ere  a d j u s t e d  t o  pH 
6 ,  a n d  p a s s e d  t h r o u g h  tw o  v i s c o s e  (E39) f i l t e r s  a n d  a 293 mm 
Cox membrane f i l t e r  a s s e m b l y  com posed  o f  2 . 0  and  0 . 4 5  urn 
f i l t e r s .  F low r a t e s  w ere  380  m l / m i n .  A 3% b e e f  e x t r a c t ,  pH 
9 ,  e l u e n t  was u s e d  f o r  r e c o v e r y  o f  v i r u s .  E l u a t e s  were 
r e c o n c e n t r a t e d  by  a q u e o u s  p o l y m e r  t w o - p h a s e  s y s t e m  A.
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F i e l d S t u d i e s
F i e l d  t r i a l s  were  c a r r i e d  o u t  a t  t h e  B e r l i n  N a t i o n a l  
F i s h  H a t c h e r y ,  B e r l i n ,  New H a m p s h i r e .  S a m p l e s  c o n s i s t i n g  o f  
380  1 w e re  c o l l e c t e d  a t  two s i t e s  s u p p l i e d  f ro m  i n d e p e n d e n t  
w a t e r  s o u r c e s .  One s i t e ,  d e s i g n a t e d  A, was  s a m p l e d  a t  t h e  
e n d  o f  20 r a c e w a y s  w h i l e  t h e  s e c o n d  s i t e ,  d e s i g n a t e d  B, was 
s a m p l e d  a t  t h e  end  o f  18 r a c e w a y s .  T h e r e  w e re  s i x  f i e l d  
t r i a l s :  O c t o b e r  1975 ,  and  May, J u n e ,  J u l y ,  A u g u s t ,  a n d
S e p t e m b e r ,  1976 .
Serum N e u t r a l i z a t i o n  T e s t s
N a t u r a l  v i r u s  i s o l a t e s  were i d e n t i f i e d  by m i c r o  
s e rum  n e u t r a l i z a t i o n  t e s t s  u s i n g  a s e v e n  s t r a i n  IPN 
p o l y v a l e n t  a n t i s e r u m  o b t a i n e d  f rom  D r .  Ken Wolf  o f  t h e  
E a s t e r n  F i s h  D i s e a s e  L a b o r a t o r y ,  F i s h  a n d  W i l d l i f e  S e r v i c e ,  
U .S .  D e p a r t m e n t  o f  t h e  I n t e r i o r ,  K e a r n e y s v i l l e ,  Wes t  
V i r g i n i a .  The a n t i s e r u m  was t i t e r e d  u s i n g  s t o c k  IPN v i r u s  
(VR299) d i l u t e d  i n  PBS t o  g i v e  a f i n a l  c o n c e n t r a t i o n  o f  100 
TCID p e r  0 . 0 2 5  m l .  I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  
a n t i s e r u m  was a d d e d  i n  u n d i l u t e ,  1 : 5 ,  1 : 2 5 ,  1: 125 ,  1 : 6 2 5
d i l u t i o n s .  C o n t r o l s  w i t h  n o r m a l  r a b b i t  s e ru m  i n  p l a c e  o f  
IPN a n t i s e r u m  were u sed  i n  p a r a l l e l  t e s t s .  V i r u s  c o n t r o l s  
o f  0 . 0 2 5  ml PBS i n  p l a c e  o f  a n t i s e r u m  w ere  a l s o  i n c l u d e d .  
The  m i x t u r e s  were  a l l o w e d  t o  r e a c t  f o r  30 min a t  18 C and 
t h e n  t r a n s f e r e d  t o  M i c r o T e s t  I I  p l a t e s  c o n t a i n i n g  CHSE
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m o n o l a y e r s  w i t h  g r o w t h  m e d ia  r e m o v e d .  The m i x t u r e s  w e re  
t h e n  a d s o r b e d  f o r  an  a d d i t i o n a l  30 min a t  18 C a n d  t h e  
m o n o l a y e r s  were  o v e r l a i d  w i t h  0.2 ml m a i n t e n a n c e  media a n d  
o b s e r v e d  f o r  d e v e l o p m e n t  o f  CPE f o r  7 d a y s .  A l l  t e s t s  w e r e  
made i n  t r i p l i c a t e .  T i t r a t i o n s  o f  t h e  v i r u s  d i l u t i o n  u s e d  
were  made t o  d e t e r m i n e  t h e  e x a c t  am oun t  o f  v i r u s  a d d e d .
I s o l a t e s  c h o s e n  f o r  se rum  n e u t r a l i z a t i o n  t e s t s  w e re  
r e p a s s a g e d  t o  i n c r e a s e  v i r u s  t i t e r s .  T h r e e  s a m p l e s  were  
a s s a y e d  u s i n g  t h e  s t a n d a r d  TCIE^q s y s t e m  a n d  a l l  d i l u t i o n s  
o f  v i r u s  were  b a s e d  on t h e  t i t e r s  o b t a i n e d .  The a c t u a l  
se rum n e u t r a l i z a t i o n  t e s t  c o n s i s t e d  o f  100 TCIE^q p e r  0 . 0 2 5  
ml p l u s  0 . 0 2 5  ml o f  20 a n t i b o d y  u n i t s  o f  t h e  p o l y v a l e n t  
a n t i s e r u m .  C o n t r o l s  i n c l u d e d  100 TCIE^q u n i t s  p e r  0 . 0 2 5  ml 
p l u s  0 . 0 2 5  ml o f  n o r m a l  r a b b i t  se rum  ( d i l u t i o n  e q u a l  t o  IPN 
v i r u s  a n t i s e r u m )  and  100 TCIQjq u n i t s  p e r  0 . 0 2 5  ml p l u s  
0 . 0 2 5  ml PBS. A l l  t e s t  w ere  p e r f o r m e d  i n  d u p l i c a t e .  The 
v i r u s - a n t i s e r u m  was a l l o w e d  t o  mix f o r  30 min a t  18 C and  
t h e n  t r a n s f e r r e d  t o  M i c r o T e s t  I I  p l a t e s  c o n t a i n i n g  CHSE 
m o n o l a y e r s  w i t h  g r o w th  m e d ia  r e m o v e d .  A f t e r  a d s o r p t i o n  t o  
m o n o l a y e r s  f o r  30 min a t  18 C,  e a c h  w e l l  was o v e r l a i d  w i t h  
0 . 2  ml o f  m a i n t e n a n c e  m e d ia  a n d  t h e  a s s a y  r e a d  a t  3 d a y s .
E l e c t r o n M i c r o s c o p y
V i r a l  s u s p e n s i o n s  c l a r i f i e d  o n l y  by c e n t r i f u g a t i o n
6
a n d  c o n t a i n i n g  a p p r o x i m a t e l y  1x10 TCID^0 / m l  w e re  a d s o r b e d  
f o r  3 min t o  400 mesh f o r m v a r  c o a t e d  c o p p e r  g r i d s .  The
I27
s u s p e n s i o n  was r e m o v e d  by  c a p i l l a r y  a c t i o n ,  t h e  g r i d  r i n s e d  
f o r  5 s e c  i n  PBS a n d  p h o s p h o t u n g s t i c  a c i d  pH 7 . 0  was
added f o r  2 min a n d  r e m o v e d .  The s a m p l e s  w e r e  e x a m in e d  
u s i n g  a P h i l l i p s  E l e c t r o n  M i c r o s c o p e  Model 2 0 0 .
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BESOLTS
A s s a y  r e s u l t s  o b t a i n e d  f rom  l i q u i d  o v e r l a y s  o f  t e s t  
m o n o l a y e r s  (TCID5Q t i t e r )  a n d  a g a r  o v e r l a y s  (PFU) were  
co m p a re d  f o r  t h e i r  s e n s i t i v i t y  a s  a  p r e l u d e  t o  v i r u s
q u a n t i t a t i o n  m e a s u r e m e n t s .  The r e s u l t s  o f  f o u r  t r i a l s  a r e  
shown i n  T a b l e  2 .  The  TCID_. a s s a y s  w ere  more s e n s i t i v e
DU
t h a n  p l a g u i n g  p r o c e d u r e s  i n  a l l  t r i a l s .  A p p r o x i m a t e l y  t h r e e  
t i m e s  a s  much v i r u s  was m e a s u r e d  by  TCID50 a s s a y s  r e g a r d l e s s  
o f  t h e  num ber  o f  i n f e c t i o u s  u n i t s  u s e d .  The  r e s u l t s  o f  t h e  
c o m p a r a t i v e  t e s t s  s u g g e s t e d  a  TCID5Q a s s a y  wou ld  b e  t h e  
p r o c e d u r e  o f  c h o i c e  w h e t h e r  l a r g e  o r  s m a l l  num bers  o f
v i r u s e s  w e re  i n v o l v e d .
The t i m e  n e e d e d  f o r  c o m p l e t i o n  o f  TCID50 a s s a y  
r e s u l t s  was d e t e r m i n e d  i n  a s e r i e s  o f  t r i a l s  i n  w h ich  t i t e r s  
were  c a l c u l a t e d  o v e r  a p e r i o d  o f  8 s u c c e s s i v e  d a y s .  The 
r e s u l t s  o f  t h r e e  r e p r e s e n t a t i v e  t r i a l s  a r e  shown i n  T a b l e  3 .  
T i t r a t i o n s  were  c o m p l e t e  a t  4 d a y s  i n  t r i a l  3 ,  a t  5 d a y s  i n  
t r i a l  1 a n d  a t  7 d a y s  i n  t r i a l  2 .  A t t a i n m e n t  o f  c o m p l e t e d  
t i t r a t i o n s  by d a y  5 i n  tw o  o f  t h e  t r i a l s ,  a n d  92  p e r c e n t  
c o m p l e t i o n  i n  t h e  t h i r d  s u g g e s t e d  t h a t  a  5 t o  7 day  p e r i o d  
w ou ld  p r o v e  a d e q u a t e  f o r  c o m p l e t i o n  o f  m os t  TCIDgg a s s a y s .
A s s a y  a c c u r a c y  was e x a m in e d  i n  a s e r i e s  o f  t r i a l s  i n  
w hich  t h e  d e g r e e  o f  v a r i a b i l i t y  o f  a s s a y s  p e r f o r m e d  i n  f o u r  
r e p l i c a t e s  was d e t e r m i n e d .  The r e s u l t s  o f  f o u r  
r e p r e s e n t a t i v e  t r i a l s  a r e  g i v e n  i n  T a b l e  4 .  A ssay
r e p r o d u c i b i l i t y  was  j u d g e d  t o  be  good w i t h  v a r i a t i o n
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T a b l e  2 .  Q u a n t i t a t i v e  M e a s u r e m e n t s  o f  I n f e c t i o u s  P a n c r e a t i c  
N e c r o s i s  V i r u s  Numbers  by P l a g u e  a n d  TCID^q A ss ay
*' c tT r i a l  V i r u s  A ss ay
PFU/ml TCID Z l l
6 6
2. 0x 10 7 . 3 x 1 0
5 6
3 . 8 x 1 0 1 .4 x 1 0
4 4
1. 6x 10 5 . 0 x 1 0
2 3
7 . 2 x 1 0 2. 6x 10
a
A s s a y s  w e re  made w i t h  CHSE c e l l  c u l t u r e  m o n o l a y e r s .
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T a b l e  3 .  TCID_. T i t e r s  D e t e r m i n e d  a s  a  F u n c t i o n  o f  Time ou
M l
1
T r i a l 5
2 3—
1 1. 6x 102 ND ND
2 1. 2x 102 1.4X104 ND
3 1. 6x 105 1 .8X104 5 .0X 104
4 2. 6x 105 2. 1x 104 7 .3X104
5 5 .  Ox105 2 . 4 x 1 05 7 . 3 x 1 04
6 5 .  Ox 105 2 . 4 x 1 05 7 . 3 x 1 04
7 5 . 0 x 1 05 3 . 1x105 7 . 3 x 1 04
8 5 . Ox105 3 . 1 x 1 05 7 . 3 x 1 04
NDa -  Not d o n e
D i f f e r e n t  s t o c k  v i r a l  s u s p e n s i o n s  w ere  u s e d  f o r  e a c h  
t r i a l .
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T a b l e  4 .  V a r i a b i l i t y  o f  I n f e c t i o u s  P a n c r e a t i c  N e c r o s i s  
V i r u s  A s s a y s  D e t e r m i n e d  by TCID5Q T i t r a t i o n s
T r i a l  V i r u s  A s s a y  (TCID^-Q^ml)
2 3 4
1 2 .5 x 1 0 2 2.1x102
2
1 .9x10 2 .4x1  02
2 1 .4x103 1 .5x103 1.8X103 1.9x1 03
3 5.9X104 6 .  Ox 104 6.5X104 6 .7 x 1 0 3
4 1 .4 x 1 0 5 1 . 4x105 1.3X105 9.6X104
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g e n e r a l l y  l e s s  t h a n  15 p e r c e n t .  A ssay  r e p r o d u c i b i l i t y  was 
g r e a t e s t  when l a r g e  n u m b e rs  w e re  i n v o l v e d .  I t  was i m p o r t a n t  
t o  know t h a t  a s s a y  a c c u r a c y  f e l l  w i t h i n  a c c e p t a b l e  l i m i t s  
when low n u m b e rs  were e n c o u n t e r e d .  The a c c u r a c y  was 
a c c e p t a b l e  o v e r  a  TCID^q r a n g e  f ro m  250 t o  1 0 0 , 0 0 0 .
I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s  h a s  b e e n  
c o n s i d e r e d  t o  b e  c e l l - a s s o c i a t e d  by  many i n v e s t i g a t o r s  who 
f o u n d  i t  n e c e s s a r y  t o  t r e a t  i n f e c t e d  c e l l  c u l t u r e s  b y  
p r o c e d u r e s  c a u s i n g  r e l e a s e  o f  p r o g e n y  v i r u s  f ro m  c e l l u l a r  
d e b r i s .  I n  o r d e r  t o  d e t e r m i n e  a  m e thod  y i e l d i n g  t h e  l a r g e s t  
a m oun t  o f  v i r u s  f ro m  i n f e c t e d  c e l l  c u l t u r e s ,  d i f f e r e n t  
t r e a t m e n t s  f o r  r e l e a s e  o f  p r o g e n y  v i r u s  were  c o m p a re d  w i t h  
n o n t r e a t e d  v i r a l  s u s p e n s i o n s .  The r e s u l t s  a r e  g i v e n  i n  
T a b l e  5 .  The t r e a t m e n t  b y  f r e e z i n g  a n d  t h a w i n g  d i d  n o t  
r e s u l t  i n  a g r e a t e r  r e l e a s e  o f  p r o g e n y  v i r u s  t h a n  was f o u n d  
f o r  n o n - t r e a t e d  c o n t r o l  s u s p e n s i o n s .  J u d g i n g  f rom  t h e  
d e c r e a s e d  t i t e r s ,  t h e  f r e e z e - t h a w  t r e a t m e n t  was dam ag ing  t o  
v i r u s  a n d  r e s u l t e d  i n  t h e  l o s s  o f  v i r u s  a c t i v i t y .  T h e r e  was 
l i t t l e  d i f f e r e n c e  b e t w e e n  u n t r e a t e d  a n d  two a n d  t h r e e  m i n u t e  
s o n i c a t i o n  r e s u l t s .  A s i g n i f i c a n t  l o s s  i n  t i t e r  was f o u n d  
a f t e r  f i v e  m i n u t e  s o n i c a t i o n  t r e a t m e n t .  T h i s  l o s s  p r o b a b l y  
was c a u s e d  by damage t o  v i r i o n  s t r u c t u r e s .  A l l  v i r a l  
s u s p e n s i o n s  t h a t  w e re  s o n i c a t e d  w ere  m a i n t a i n e d  a t  H C. 
S i n c e  s o n i c a t i o n  t r e a t m e n t  d i d  n o t  r e s u l t  i n  g r e a t e r  r e l e a s e  
o f  p r o g e n y  v i r u s  t h a n  o b t a i n e d  w i t h  u n t r e a t e d  s u s p e n s i o n s ,  
f u r t h e r  u s e  was n o t  c o n s i d e r e d .
P r i o r  t o  i n o c u l a t i o n  o n t o  c e l l  c u l t u r e  m o n o l a y e r s ,
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V i r u s  Assay; I £ C ID5C)i/ml}_
N o n t r e a t e d 3 S o n i c a t i o n . ( m i n ) c
V i r a l  S u s p e n s i o n  F r e e z e - t h a w *3 !  2 3 4
8 .7x10®  1 . 6 x 1 9 6 5 . 0 x 1 0 6 6 . 4 x 1 0s ND ND
2 . 1 x 1 0 6 1 . I x l O 6 1 . 6 x 1 06 1 . 8 x 1 0s 2 . 0 X 1 06 1 . 6 x 1 06
Not done
S u p e r n a t a n t  f l u i d  c l a r i f i e d  by  c e n t r i f u g a t i o n  o f  c e l l  c u l t u r e s  
s h o w i n g  3 t o  4+ CPE.
C e l l s  f r o z e n  a n d  t h a v e d  t h r e e  t i n e s .
C e l l s  s o n i c a t e d  i n  MSB u l t r a s o n i c  d i s i n t e g r a t o r  a t  100 w a t t s  a t  10 C.
5
ND
9 . 6 x 1 0 5
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s a m p l e s  w e re  f r e e d  f ro m  b a c t e r i a l  a n d  f u n g a l  c o n t a m i n a n t s .  
The  s u c c e s s f u l  u s e  o f  e t h e r  t r e a t m e n t  t o  remove  s u c h
c o n t a m i n a n t s  f ro m  w a t e r  s a m p l e s  l e d  t o  t r i a l s  t o  d e t e r m i n e  
t h e  e f f e c t  o f  p r e i n o c u l a t i o n  e t h e r  t r e a t m e n t  o f  IPN v i r u s  
s a m p l e s .  The r e s u l t s  a f t e r  18 h o f  e t h e r  t r e a t m e n t  a r e  
g i v e n  i n  T a b l e  6 . T h e r e  was no s i g n i f i c a n t  l o s s  o f  v i r a l
i n f e c t i v i t y ,  i n d i c a t i n g  t h a t  e t h e r  c o u l d  be  u sed  a s  a
p r e i n o c u l a t i o n  " s t e r i l i z a t i o n "  t r e a t m e n t  f o r  s a m p l e s  
c o n t a i n i n g  IPN v i r u s .  T h i s  c o n f i r m s  t h e  work o f  M a l s b e r g e r  
a n d  C e r i n i  (1963)  who f o u n d  t h a t  IPN v i r u s  was n o t
s i g n i f i c a n t l y  a f f e c t e d  by e t h e r  t r e a t m e n t .
S t a b i l i t y  o f  IPN V i r u s  t o  C h a n g e s  i n  pH
V i r u s  a d s o r p t i o n  phenom ena  a r e  pH d e p e n d e n t ,  
a d s o r p t i o n  i s  f a v o r e d  a t  l o w e r  pH v a l u e s  ( 3 . 5  t o  6 . 0 ) ,  w i t h  
e l u t i o n  a t  h i g h e r  pH v a l u e s  ( 9 . 0  t o  1 1 . 5 ) .  V i r u s  s t a b i l i t y  
t o  c h a n g e s  i n  pH d e t e r m i n e  t h e  e x t e n t  t o  w h ich  s u s p e n s i o n s  
c a n  b e  m a n i p u l a t e d  s a f e l y  o v e r  a  r a n g e  f ro m  3 . 5  t o  1 1 . 5 .  I t  
was  n e c e s s a r y  t o  d e t e r m i n e  IPN v i r u s  s t a b i l i t y  t o  pH c h a n g e  
b e f o r e  t r i a l s  i n v o l v i n g  t h e  a d s o r p t i o n  a n d  e l u t i o n  phenomena 
c o u l d  be  c o n s i d e r e d .  S a m p l e s  o f  t e s t  v i r u s  s u s p e n s i o n  were  
e x p o s e d  f o r  p e r i o d s  o f  t i m e  f ro m  o n e - h a l f  t o  f o u r  h o u r s  a t  
pH v a l u e s  f ro m  3 t o  11 .  V i r u s  s u r v i v a l  a t  e a c h  t r i a l  pH a s  
a  f u n c t i o n  o f  t i m e  was  d e t e r m i n e d  by  a s s a y .  The r e s u l t s  o f  
t h e s e  a s s a y s  a r e  g i v e n  i n  T a b l e  7 .
V i r u s  i n a c t i v a t i o n  o c c u r e d  r a p i d l y  a t  pH 3 . 0  and
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T a b l e  6 .  I n f e c t i o u s  P a n c r e a t i c  N e c r o s i s  V i r u s  S t a b i l i t y  
t o  E t h e r a
i a l V i r u s  A ssay i s s a 5/ i » n
B e f o r e A f t e r
E t h e r E t h e r
1 5 . 5 x 1 0 5 7 . 2 x 1 0 5
2 1. 1x 10 4 1. 2x 10 4
3 2 . 6x 10 3 2 . 4 x 1 0  3
4 6. 2x 10 2 6 . 1x 10 2
a D i e t h y l  e t h e r ,  a n e s t h e t i c  g r a d e
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T a b l e  7 .  I n a c t i v a t i o n  o f  I n f e c t i o u s  P a n c r e a t i c  N e c r o s i s  
V i r u s  a t  A c id  and  A l k a l i n e  pH o v e r  a  F o u r  Hour  
I n t e r v a l
£ l V i r u s  A s s a y  (TCIDui O ^
Time (h)
0«T 0 . 5 1.0 2.0 4 . 0
3 6 . 0x 103 0 0 0 0
4 6 . Ox 103 4 . 7 x 1 03 4 . 0 x 1 03 1. 6x 103 1.6X103
5 6 .  0x 103 5 .0X 103 4 . 7  x 103 4 .7X 103 3.2X103
6 6 .  0x 103 6. 0x 103 5 . 8 x 1 03 6 . Ox 103 6.  0x103
7 6 .  Ox 103 5 . 8 x 1 03 6 .  0x 103 6 . 0x 103 5 . 8 x 1 03
8 6 . Ox 103 6 . 0X103 6 . 0x 103 4 . 0x103 4 . 0 x 1 03
9 6 . 0x 103 6 . Ox 103 5 .  Ox 103 4 ♦ Ox 103 4 .0X 103
10 6.0 x 103 2. 1x 103 0 0 0
11 6 . 0x 103 0 0 0 0
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1 0 . 0 .  At pH v a l u e s  w i t h i n  t h e s e  l i m i t s ,  i n a c t i v a t i o n  was
f o u n d  t o  b e  a  f u n c t i o n  c f  t h e  d e g r e e  o f  a c i d i t y  o r  b a s i c i t y
p l u s  t i m e  o f  e x p o s u r e .  No s i g n i f i c a n t  l o s s  o f  v i r u s  was
f o u n d  a t  pH 6 . 0  o r  7 . 0 ,  b u t  t h e  d e g r e e  o f  l o s s  a b o v e  o r
b e lo w  t h i s  r a n g e  i n c r e a s e d  w i t h  t i m e .  I t  was j u d g e d  
p r a c t i c a l  t o  e v a l u a t e  a d s o r p t i v e  phenom ena  a t  pH 3 . 5 ,  4 . 5
a n d  6 . 0  a n d  t o  c a r r y  o u t  e l u t i o n s  a t  a l k a l i n e  pH up t o  9 . 0  
b a s e d  upon 1/2 h o u r  s t a b i l i t i e s .
V i r u s  C o n c e n t r a t i o n  
C l a r i f i c a t i o n
S a m p l i n g  o f  l a r g e  v o lu m e s  o f  n a t u r a l  w a t e r s  o f t e n  i s  
c o m p l i c a t e d  by t h e  p r e s e n c e  o f  s u s p e n d e d  s o l i d s  which c l o g  
f i l t e r s ,  r e d u c e  f l o w  r a t e s  and  make f u r t h e r  s a m p l i n g  
v i r t u a l l y  i m p o s s i b l e .  The u s e  o f  c l a r i f y i n g  f i l t e r s  f o r  
r e m o v a l  o f  s u s p e n d e d  s o l i d s  was c o n s i d e r e d ,  r e c o g n i z i n g  t h a t  
s o l i d s - a d s o r b e d  v i r u s  w o u ld  be  l o s t  i f  t h e  c l a r i f y i n g  
f i l t e r s  w e re  n o t  t r e a t e d  f o r  r e c o v e r y  o f  v i r u s .  T h e s e  
f i l t e r s  w ere  e v a l u a t e d  f o r  t h e i r  a b i l i t y  t o  a l l o w  p a s s a g e  o f  
f r e e l y  s u s p e n d e d  IPN v i r u s  a t  pH 7 . 0 .  The  r e s u l t s  a r e  g i v e n  
i n  T a b l e  8.  S e v e r a l  f i l t e r s  s u c h  a s  t h e  n y l o n  (N 39) ,  
c e l l u l o s e  a c e t a t e  (W10A) and  d y n e l  (D39) v a r i e t i e s  a l l o w e d  
t h e  g r e a t e s t  p r o p o r t i o n  o f  t e s t  v i r u s  t o  p a s s .  Of t h e s e  t h e  
n y l o n  (N39) f i l t e r  was c h o s e n  f o r  c l a r i f i c a t i o n  u s e  b e c a u s e  
i t  c o n s i s t e n t l y  a l l o w e d  p a s s a g e  o f  10031 o f  IPN v i r u s .
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T a b l e  8 . P a s s a g e  o f  I n f e c t i o u s  P a n c r e a t i c  N e c r o s i s  V i r u s  
T h ro u g h  F i l t e r s  a t  pH 7 . 0
F i l t e r  C o m p o s i t i o n  V i r u s  i n  F i l t r a t e
019 O r i o n  ND
039 O r i o n  85
W10A C e l l u l o s e  a c e t a t e  98
K27 F i b e r g l a s s  ND
S39 P o l y e s t e r  84
39 C o t t o n  48
D39 D y n e l  90
E39 V i s c o s e  0
N39 Nylon  100
H39 P o l y p r o p y l e n e  33
ND -  Not do n e
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The n y l o n  (N39) f i l t e r  was  n e x t  e v a l u a t e d  f o r  i t s  
a b i l i t y  t o  p e r m i t  p a s s a g e  o f  IPN v i r u s  i n  w a t e r  c o n t a i n i n g  a 
c l a y  o r  f i n e l y  s u b d i v i d e d  f e c a l  m a t e r i a l .  The r e s u l t s  a r e  
g i v e n  i n  T a b l e  9 .  H o s t  v i r u s  p a s s e d  t h r o u g h  t h e  n y l o n  (N39) 
f i l t e r s  i n  t h e  p r e s e n c e  o f  e i t h e r  k a o l i n i t e  o r  f i s h  f e c e s .  
H o s t  o f  t h e  s o l i d s - a d s o r b e d  v i r u s  was r e c o v e r e d  on  e l u t i o n  
o f  t h e  f i l t e r s .  T o t a l  r e c o v e r i e s  o f  v i r t u a l l y  a l l  o f  t h e  
t e s t  IPN v i r u s  s u g g e s t e d  c l a y s  o r  f i s h  f e c a l  m a t e r i a l
s u s p e n d e d  i n  w a t e r  b e i n g  s a m p le d  would  n o t  i n t e r f e r e  w i t h  
v i r u s  r e c o v e r y  e f f i c i e n c y  when n y l o n  (N39) c l a r i f y i n g
f i l t e r s  w e re  u s e d ,  p r o v i d e d  e l u t i o n  o f  t h e s e  f i l t e r s  was 
c a r r i e d  o u t .
a d s o r p t i o n
E n t e r o v i r u s  i s  e f f i c i e n t l y  a d s o r b e d  t o  f i l t e r s  a t  pH
3 . 5  i n  t h e  p r e s e n c e  o f  0 . 0 0 0 5  H AlClg o r  a t  pH 4 . 5  i n  t h e  
p r e s e n c e  o f  0 . 0 5  M H g C ^ . O p t i m a l  c o n d i t i o n s  f o r  a d e n o v i r u s  
a d s o r p t i o n  o c c u r  a t  pH 6 . 0  i n  t h e  p r e s e n c e  o f  0 . 0 5  H HgClg . 
U s i n g  s a m p l e s  o f  4 1 o f  d i s t i l l e d  w a t e r  w i t h  a d d e d  v i r u s ,  
e x a m i n a t i o n  o f  t h e  e f f e c t  o f  pH a n d / o r  a d d e d  s a l t  on  t h e
r e t e n t i o n  o f  IPN v i r u s  b y  d i f f e r e n t  f i l t e r s  was m a de .  The
r e s u l t s  o f  s e v e r a l  t r i a l s  a t  e x c e s s  h y d r o g e n  i o n  
c o n c e n t r a t i o n s  a r e  g i v e n  i n  T a b l e  10.  F i l t e r s  t h a t  r e t a i n e d  
a l l  o r  m os t  o f  t h e  t e s t  v i r u s  were c a n d i a t e s  f o r  u s e  a s  
a d s o r b i n g  f i l t e r s .  C o n v e r s e l y  f i l t e r s  r e t a i n i n g  l i t t l e  o r  
n o  v i r u s  w ere  p o t e n t i a l  c a n d i d a t e s  f o r  u s e  a s  c l a r i f y i n g
T a b l e  9 .  I n f e c t i o u s  P a n c r e a t i c  N e c r o s i s  V i r u s  B e c o v e r y  f ro m  
Nylon  F i l t e r s  i n  t h e  P r e s e n c e  o f  I n t e r f e r i n g  
S u s p e n d e d  S o l i d s
S u s p e n d e d  S o l i d V i r u s  B eco v e r y ( p e r c e n t )  
F i l t r a t e 5 F i l t e r *3 T o t a l
K a o l i n i t e  81





V i r u s  p a s s i n g  t h r o u g h  f i l t e r  and  a p p e a r i n g  i n  f i l t r a t e .
i
V i r u s  r e c o v e r e d  f rom f i l t e r  b y  e l u t i o n .
Table 10. Adsorption of Infectious Pancreatic Necrosis Virus to Test Filters
S a m p le  V i r u s  R e t e n t i o n  by  T e s t  F i l t e r s
T r e a t m e n t  ( p e r c e n t  A d s o r p t i o n )
019 039 W10A K27 S39 39 D39 E39 N39 M39
pH 3 . 5 0 13 97 97 ND ND ND 95 79 55
pH 3 . 5 p l u s  A I C I3 NO 71 100 100 0 100 100 66 0 0
pH 4 . 5 0 44 86 0 100 29 33 7 9 75 95
pH 4 . 5 p l u s  H gCl2 93 100 0 100 41 100 35 100 100 100
pH 6 . 0 13 10 9 76 15 0 ND 100 0 0
pH 6 . 0 p l u s  H gC l2 34 65 97 94 100 93 0 90 0 37
ND -  Not d o n e
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f i l t e r s .  B o th  r e t e n t i o n  and  n o n r e t e n t i o n  o f  v i r u s  by  t e s t
f i l t e r s  was i n f l u e n c e d  b y  pH and  e n h a n c i n g  s a l t .  S e v e r a l
t e s t  r e s u l t  p a t t e r n s  were  f o u n d .  F i l t e r s  a d s o r b i n g  v i r u s  a t
a c i d  pH, w i t h  e n h a n c e m e n t  o f  a d s o r p t i o n  i n  t h e  p r e s e n c e  o f  
"H—^Al o r  Mg i o n s  were  r e g a r d e d  a s  f i l t e r s  t o  be u s e d  f o r
a d s o r p t i o n  o f  v i r u s .  C e l l u l o s e  a c e t a t e  (W10A), f i b e r g l a s s  
(K27) a n d  c o t t o n  ( 39) f i l t e r s  w e r e  e x a m p l e s  i d e n t i f i a b l e  a s  
a d s o r b e n t  f i l t e r s .  F a i l u r e  t o  o b t a i n  e n h a n c e m e n t  o f
* j*
a d s o r p t i o n  i n  t h e  p r e s e n c e  o f  Al o r  Mg i o n s  r e p r e s e n t e d  
a p a t t e r n  i d e n t i f i a b l e  w i t h  a c l a r i f y i n g  f i l t e r .  Ny lon  
(N39) and  o r l o n  (019) f i l t e r s  were  e x a m p l e s  o f  t h i s  p a t t e r n  
o f  t e s t  r e s u l t s .  S t i l l  a n o t h e r  p a t t e r n  was f o u n d  w i t h
v i s c o s e  (E39) f i l t e r s .  B a s e d  on v i r u s  a d s o r p t i o n  a t  a c i d  
pH, w i t h  o r  w i t h o u t  e n h a n c e m e n t  i n  t h e  p r e s e n c e  o f  s a l t ,  
t h e s e  f i l t e r s  c o u l d  b e  c o n s i d e r e d  a d s o r p t i v e  i n  t y p e .  D yne l  
(D39) and  p o l y p r o p y l e n e  (M39) f i l t e r s  c o u l d  n o t  c l e a r l y  be 
i d e n t i f i a b l e  a s  s u i t a b l e  f o r  e i t h e r  a d s o r p t i o n  o r  
c l a r i f i c a t i o n  f u n c t i o n s .
S e l e c t i o n  o f  a d s o r b i n g  f i l t e r s  f o r  r e c o v e r y  o f  IPN 
v i r u s  f rom  a q u e o u s  s u s p e n s i o n s  was i n f l u e n c e d  b y  v i r a l  pH 
s t a b i l i t y .  As shown p r e v i o u s l y  IPN v i r u s  s t a b i l i t y  a t  a c i d  
pH l e s s  t h a n  6 . 0  d e c l i n e d  s i g n i f i c a n t l y  w i t h  t i m e .  The
r e p o r t  t h a t  some n a t u r a l  i s o l a t e s  o f  IPN v i r u s  a r e  n o t  
s t a b l e  a t  a pH v a r y i n g  w i d e l y  f ro m  n e u t r a l i t y  ( W o l f , 1972) 
l e d  t o  t h e  d e s i g n a t i o n  o f  pH 6 . 0  a s  o p t i m a l  f o r  a d s o r p t i o n .  
T h i s  r e p r e s e n t e d  t h e  b a s i s  on w hich  a  f i l t e r  would  be 
r e g a r d e d  a s  an a d s o r b e n t  f i l t e r .  The d a t a  i n  T a b l e  10
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i n d i c a t e d  c e l l u l o s e  a c e t a t e  (H10A),  f i b e r g l a s s  ( K 2 7 ) , 
p o l y e s t e r  ( S 3 9 ) ,  c o t t o n  ( 39)  o r  v i s c o s e  (E39) f i l t e r s  c o u l d  
be  u s e d  f o r  a d s o r p t i o n  o f  v i r u s ;  v i s c o s e  (E39) f i l t e r s  were 
c h o s e n .
V i r u s  i n a c t i v a t i o n  d u r i n g  a c i d  pH a d j u s t m e n t s  was 
t e s t e d  u s i n g  h y d r o c h l o r i c  a c i d  s o l u t i o n s  w i t h  n o r m a l i t i e s  o f  
0 . 5 ,  0 . 1  a n d  0 . 0 0 1 .  A queous  v i r u s  s u s p e n s i o n s  w e re  a d j u s t e d  
t o  pH 6 . 0  u s i n g  t h e  t h r e e  a c i d  n o r m a l i t i e s .  V i r u s
i n a c t i v a t i o n  r a n g e d  f rom  17% w i t h  0 . 5  N H C l ,  t o  6% w i th  0 . 1  
N HCl,  t o  n o n e  w i t h  0 . 0 0 1  N HCl.  I t  was  n e c e s s a r y  t o  
r e c o n c i l e  t h e  n e e d  f o r  d i l u t e  a c i d  w i t h  p r a c t i c a l
c o n s i d e r a t i o n s  i n v o l v i n g  vo lum e o f  r e a g e n t  t o  b e  a d d e d  and 
t i m e  r e q u i r e d  f o r  pH a d j u s t m e n t  i n  t h e  mode l  s t u d i e s .  
S o l u t i o n s  o f  0 . 5  N a c i d  w e re  u s e d  w i t h  r e c o g n i t i o n  o f  v i r u s  
i n a c t i v a t i o n  r a t e s .  I n  an  e f f o r t  t o  e l i m i n a t e  t h i s  l o s s  
f i e l d  s t u d i e s  i n  w h ich  pH a d j u s t m e n t s  were  n e c e s s a r y ,  w e re  
c a r r i e d  o u t  w i t h  0 .0 0 1  N a c i d  i n j e c t e d  by  means  o f  t h e  
J o h a n s e n  r e c i p r o c a t i n g  pump.
E l u t i o n
V i r u s  a d s o r b e d  t o  f i l t e r  s u r f a c e s  was r e c o v e r e d  b y
e l u t i o n  o f  t h e  f i l t e r  w i t h  a s u i t a b l e  e l u e n t .  E l u e n t  c h o i c e
was r e s t r i c t e d  by  s t a b i l i t y  o f  IPN v i r u s  t o  pH c h a n g e s .  
I n s t a b i l i t y  o f  t h e s e  v i r u s e s  t o  a  pH more a l k a l i n e  t h a n  9 . 0  
e l i m i n a t e d  a n y  p o s s i b i l i t y  o f  s e l e c t i n g  t h e  0 . 0 5  M g l y c i n e ,  
pH 1 1 .5  e l u e n t  u s e d  s u c c e s s f u l l y  f o r  e l u t i o n  o f
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e n t e r o v i r u s e s  f rom c o l l e c t i n g  f i l t e r s *  a t t e n t i o n  was 
d i r e c t e d  t c  p r o c e d u r e s  u s i n g  p r o t e i n a c e o u s  s o l u t i o n s  
a d j u s t e d  t o  a  pH n o t  g r e a t e r  t h a n  9 . 0 .  T h r e e  p e r c e n t  b e e f  
e x t r a c t  s o l u t i o n  a t  pH 9 . 0  seem e d  t o  b e  a n  e f f e c t i v e  e l u e n t ,  
b u t  t h e  m a nne r  i n  w h ich  t h e  e l u t i o n  p r o c e d u r e  was c a r r i e d  
o u t  was f o u n d  t o  b e  c r u c i a l  t o  e l u t i o n  e f f e c t i v e n e s s .  
C i r c u l a t i o n  o f  e l u e n t  t h r o u g h  a  f i l t e r  by  means  o f  a 
p e r i s t a l t i c  t y p e  pump was shown t o  be  more  e f f e c t i v e  t h a n  
s i m p l e  c o n t a c t  o f  e l u e n t  w i t h  f i l t e r  s u r f a c e s .  A c o m p a r i s o n  
o f  t h e  e f f e c t i v e n e s s  o f  c y c l i c  v e r s u s  n o n - c y c l i c  e l u t i o n  
p r o c e d u r e s  i s  g i v e n  i n  T a b l e  11.  The s u p e r i o r i t y  o f  t h e  
c y c l i c  e l u t i o n  p r o c e d u r e  was shown i n  e a c h  o f  t h e  t h r e e  
t r i a l s ,  a v e r a g e s  o f  69 v e r s u s  22% r e s p e c t i v e l y  f o r  c y c l i c  
a n d  n o n - c y c l i c  e l u t i o n s  e m p h a s i z e d  t h e  g r e a t e r  e f f e c t i v e n e s s  
o f  t h e  c y c l i c  e l u t i o n  me thod  f o r  r e c o v e r y  o f  v i r u s .
R e c o n c e n t r a t i o n
The n e e d  t o  u s e  l i t e r  v o l u m e s  p e r  f i l t e r  f o r  
r e c o v e r y  o f  v i r u s  p r o d u c e d  e l u a t e  v o l u m e s  t o o  g r e a t  t o  t e s t  
d i r e c t l y  f o r  v i r u s  i n  c e l l  c u l t u r e s .  I t  was n e c e s s a r y  t o  
r e d u c e  o r  r e c o n c e n t r a t e  e l u a t e s  t o  s m a l l e r  v o lu m e s ,  a l l  o f  
w h ich  c o u l d  be  t e s t e d  f o r  v i r u s .  R e c o n c e n t r a t i o n  m e th o d s  
e v a l u a t e d  f o r  t h e i r  v i r u s  r e c o v e r y  e f f e c t i v e n e s s  i n c l u d e d  
u l t r a f i l t r a t i o n ,  b e e f  e x t r a c t  f l o c c u l a t i o n  a n d  two a q u e o u s  
p o l y m e r  t w o - p h a s e  s y s t e m s .  The r e s u l t s  o f  s t u d i e s  o f  t h e  
e f f e c t i v e n e s s  o f  r e c o n c e n t r a t i o n  m e th o d s  f o r  r e c o v e r y  o f
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T a b l e  11.  A C o m p a r i s o n  o f  t h e  E f f e c t i v e n e s s  o f  C y c l i c  a n d  
N o n - c y c l i c  P r o c e d u r e s  f o r  B e c o v e r y  o f  I n f e c t i o u s  
P a n c r e a t i c  N e c r o s i s  V i r u s  f rom  V i s c o s e  F i l t e r s
T r i a l  V i r u s  B e c o v e r y  ( p e r c e n t )
C y c l i c  N o n - c y c l i c
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E l u e n t  -  3* b e e f  e x t r a c t ,  pH 9 . 0
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t e s t  v i r u s  f ro m  1 1 v o lu m e s  o f  3% b e e f  e x t r a c t  a r e  shown i n  
T a b l e  12 .
The m o s t  e f f e c t i v e  r e c o n c e n t r a t i o n  method  was t h e  
a q u e o u s  p o l y m e r  t w o - p h a s e  s y s t e m  A. I t s  e f f e c t i v e n e s s  was 
b a s e d  on  b o t h  t h e  vo lum e  r e d u c t i o n  a n d  v i r u s  r e c o v e r y  
o b t a i n e d .  B e e f  e x t r a c t  f l o c c u l a t i o n  a t  pH 3 . 5  was e f f e c t i v e  
f o r  r e c o v e r y  o f  v i r u s  a n d  a l t h o u g h  o n l y  a 20x vo lum e 
r e d u c t i o n  was o b t a i n e d  i n  t h e  s t u d y ,  g r e a t e r  v o lu m e
r e d u c t i o n s  w ere  p o s s i b l e  u s i n g  t h i s  m e th o d .  The g r e a t e s t
d r a w - b a c k  t o  t h i s  m e thod  i n v o l v e d  e x p o s u r e  o f  v i r u s  t o  a pH 
o f  3 . 5  f o r  p e r i o d s  o f  a n  h o u r .  T h i s  pH was v e r y  c l o s e  t o  
l i m i t s  o f  pH s t a b i l i t y  o f  t h e  s t o c k  v i r u s  a n d  p r o b a b l y  
b eyond  t h e  pH s t a b i l i t y  r a n g e  o f  m o s t  n a t u r a l  IPN v i r u s  
s t r a i n s .  O l t r a f i l t r a t i o n  a n d  a q u e o u s  p o l y m e r  t w o - p h a s e  
s y s t e m  B m e t h o d s  w ere  i n e f f e c t i v e  f o r  r e c o v e r y  o f  v i r u s .  
U l t r a f i l t r a t i o n  i n  a d d i t i o n  was i n c a p a b l e  o f  a n  e f f e c t i v e  
r e d u c t i o n  o f  t e s t  s a m p le  v o lu m e .
Model  S y s tem
A m o d e l  s y s t e m  was d e v e l o p e d  b a s e d  on t h e  s e r i e s  o f  
s t u d i e s  on e q u i p m e n t  a n d  m e t h o d s  n e c e s s a r y  f o r  t h e  e f f e c t i v e  
r e c o v e r y  o f  t e s t  IPN v i r u s  f ro m  w a t e r .  T e s t s  o f  t h e
e f f e c t i v e n e s s  o f  t h i s  s y s t e m  w ere  b a s e d  on t r i a l s  i n  w h ic h
IPN v i r u s  was a d d e d  e x o g e n o u s l y  t o  190 1 s a m p l e s  o f
n o n - c h l o r i n a t e d  t a p w a t e r .  The  190 1 s a m p l e s  were  p a s s e d
t h r o u g h  a n y l o n  (N39) c l a r i f y i n g  f i l t e r  w i t h o u t  p r i o r
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T a b l e  12 .  The E f f e c t i v e n e s s  o f  B e c o n c e n t r a t i o n  M ethods  f o r  
R e c o v e r y  o f  T e s t  V i r u s  f ro m  3 p e r c e n t  B e e f  
E x t r a c t  S o l u t i o n s
Method Volume R e d u c t i o n V i r u s  R e c o v e r y  
( p e r c e n t !
O l t r a f i l t r a  t i o n
Beef  E x t r a c t  
F l o c c u l a t i o n  pH 4 . 5
pH 4 . 0





2 1 . 9
3 5 . 7
6 7 . 9  
9 6 . 4
Aqueous  P o ly m e r  
2 - P h a s e  
Sys tem  A
200X 1 0 0 .0
Aqueous  P o ly m e r  
2 - P h a s e  
Sys tem B
200X 6 6 . 0
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a d j u s t m e n t  o f  pH. C l a r i f i e d  s a m p l e s  w e r e  a d j s t e d  t o  pH 6 . 0 ;  
s a l t  was o r  was n o t  a d d e d  t o  a f i n a l  c o n c e n t r a t i o n  o f  0 . 5  M 
MgCl2 . S a m p le s  w e re  t h e n  p a s s e d  t h r o u g h  two v i s c o s e  (E39) 
f i l t e r s  a n d  a 293 mm Cox membrane f i l t e r  a t  f l o w  r a t e s  o f  
380 t o  7 60  m l / m i n .  A 3% b e e f  e x t r a c t  s o l u t i o n ,  pH 9 . 0 ,  was 
u s e d  t o  r e c o v e r  v i r u s .  E l u a t e s  w e re  r e c o n c e n t r a t e d  by 
a q u e o u s  p o ly m e r  t w o - p h a s e  s y s t e m  A. The f i r s t  t r i a l  
i n v o l v e d  no  a d d e d  s a l t  a n d  u s e d  n o n c y c l i c  e l u t i o n .  The 
t o t a l  r e c o v e r y  was 2% w i t h  a v i r u s  b r e a k t h r o u g h  o f  22%. 
S e v e n t y - s i x  p e r c e n t  o f  t h e  o r i g i n a l  a d d e d  v i r u s  r e m a i n e d  
u n a c c o u n t e d  f o r  s u g g e s t i n g  t h a t  r e m o v a l  o f  v i r u s  f ro m  t h e  
a d s o r b i n g  f i l t e r s  was n o t  s a t i s f a c t o r y .
. The s e c o n d  t r i a l  u s e d  a p e r i s t a l t i c  pump f o r  c y c l i c  
e l u t i o n .  T o t a l  r e c o v e r y  i n c r e a s e d  t o  26% b u t  a n  i n c r e a s e  i n  
b r e a k t h r o u g h  t o  35% was a l s o  f o u n d .  C y c l i c  e l u t i o n  
i n c r e a s e d  t h e  r e c o v e r y  o f  a d d e d  v i r u s  w i t h  o n l y  39% 
u n a c c o u n t e d  f o r .
The t h i r d  t r i a l  was i n  t h e  p r e s e n c e  o f  0 . 0 5  M MgC^ 
and u s e d  c y c l i c  e l u t i o n .  T o t a l  r e c o v e r y  was 24%. A v i r u s  
b r e a k t h r o u g h  o f  30% o c c u r r e d .  T h e s e  r e s u l t s  s u g g e s t e d  t h e r e  
was no  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  pH 6 . 0  and  pH 6 . 0  i n  
t h e  p r e s e n c e  o f  Mg++ i n  w a t e r  c o n t a i n i n g  no s u s p e n d e d  
m a t e r i a l .
The  c h a n c e  o f  v i r u s e s  o t h e r  t h a n  IPN i n t e r f e r i n g  
w i t h  r e c o v e r y  o f  IPN v i r u s  was i n v e s t i g a t e d .  P o l i o v i r u s  
t y p e  2 and  IPN v i r u s  were a d d e d  s i m u l t a n e o u s l y  t o  190 1 o f
n o n c h l o r i n a t e d  t a p w a t e r  and  t h e  model  s y s t e m  u s e d  t o
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d e t e r m i n e  r a t e s  o f  r e c o v e r y  o f  t h e  tw o  v i r u s e s .  P o l i o v i r u s  
a s s a y s  w ere  made on BGM m o n o l a y e r s  a n d  IPN v i r u s  a s s a y s  on 
CHSE m o n o l a y e r s .  P r i o r  t e s t s  h a d  shown n e i t h e r  v i r u s  was 
a b l e  t o  r e p l i c a t e  on  m o n o l a y e r s  s p e c i f i c  f o r  t h e  o t h e r  
v i r u s .  P o l i o v i r u s  d i d  n o t  r e a c t  f a v o r a b l y  i n  t h i s  v i r u s  
c o n c e n t r a t i o n  s y s t e m  a s  m os t  o f  t h e  v i r u s  p a s s e d  t h r o u g h ,  o r  
i f  a d s o r b e d ,  was n o t  e l u t e d  f rom  t h e  f i l t e r s .  L e s s  t h a n  155 
o f  t h e  IPN v i r u s  a d s o r b e d  t o  t h e  n y l o n  (N39) c l a r i f y i n g  
f i l t e r ,  b u t  o f  t h a t  83% was r e c o v e r e d .  The tw o  v i s c o s e  
(E39) a d s o r b i n g  f i l t e r s  r e t a i n e d  66% o f  t h e  t e s t  v i r u s  and  
o f  t h a t  79% was r e c o v e r e d  on e l u t i o n .  The t o t a l  o f  i n p u t  
IPN v i r u s  r e c o v e r e d  f rom  b o t h  f i l t e r s  e q u a l l e d  52%. The 
p r e s e n c e  o f  a n o t h e r  v i r u s  s u c h  a s  p o l i o v i r u s  t y p e  2 a p p e a r e d  
t o  h a v e  l i t t l e  e f f e c t  on  t h e  r e c o v e r y  o f  IPN v i r u s .
I s o l a t i o n  o f  N a t u r a l  V i r u s
The  f i r s t  f i e l d  s t u d y  i n  O c t o b e r  1975 c o n s i s t e d  o f  
two 380 1 t r i a l s ,  o n e  a t  s i t e  A a n d  one  a t  s i t e  B. The
v i r u s  c o n c e n t r a t i o n  s y s t e m  o f  f i l t e r s  t e s t e d  a t  e a c h  s i t e  
c o n s i s t e d  o f  a n y l o n  (N39) f i l t e r  t o  c l a r i f y  t h e  w a t e r ,  two 
v i s c o s e  (E39) f i l t e r s  and  a 293 mm Cox ( e p o x y - f i b e r g l a s s )  
f i l t e r  a s s e m b l y  ( 2 . 0  mu and  0 . 4 5  mu) t o  a d s o r b  v i r u s .  The 
pH o f  t h e  w a t e r  was 6 . 2 ;  no pH a d j u s t m e n t  was made and  no 
s a l t  was a d d e d .  C y c l i c  e l u t i o n  o f  c l a r i f y i n g  and  a d s o r b e n t  
f i l t e r s  was c a r r i e d  o u t  w i t h  3% b e e f  e x t r a c t ,  pH 9 . 0  a s  t h e  
e l u e n t .  F o r  t h e s e  a n d  a l l  o t h e r  f i e l d  s t u d i e s ,  t h e  f i l t e r s
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were  e l u t e d  s e p a r a t e l y ,  s a m p l e s  w ere  t a k e n  f ro m  t h e  e l u a t e s  
and a q u e o u s  p o l y m e r  t w o - p h a s e  s y s t e m  A was u s e d  t o  f u r t h e r  
c o n c e n t r a t e  t h e  e l u a t e .  A l l  s a m p l e s  were  e t h e r  s t e r i l i z e d  
and t e s t e d  f o r  t h e  p r e s e n c e  o f  n a t u r a l  IPN v i r u s  u s i n g  CHSE 
and RTG-2 c e l l  m o n o l a y e r s  w i t h  b o t h  t h e  CPE and  p l a g u i n g  
m e th o d s  d e s c r i b e d .  No i s o l a t e s  were  o b t a i n e d  f ro m  e i t h e r  
t r i a l .
The  s e c o n d  f i e l d  s t u d y  was made i n  May 1976 .  Two 
t r i a l s  w e re  c a r r i e d  o u t  a t  s i t e  B u s i n g  t h e  same s y s t e m  o f  
f i l t e r s  a s  i n  t h e  f i r s t  f i e l d  s t u d y .  The pH i n  t h i s  and  a l l  
t h e  r e m a i n i n g  s t u d i e s  was a d j u s t e d  t o  6 . 0  w i t h  t h e  J o h a n s e n  
p r o p o r t i o n e r  pump. The  f i l t e r s  from t h e  f i r s t  t r i a l  were  
c y c l i c a l l y  e l u t e d  w i th  3% b e e f  e x t r a c t ,  pH 9 . 0 .  N a t u r a l  
v i r u s  i s o l a t e s  w e r e  o b t a i n e d  f ro m  s e v e n  s a m p l e s .  The 
f i l t e r s  f r o m  t h e  s e c o n d  t r i a l  w e re  e l u t e d  w i t h  5X n u t r i e n t  
b r o t h ,  pH 9 . 0 .  T h r e e  n a t u r a l  v i r u s  i s o l a t e s  were  r e c o v e r e d .  
Only one  t r i a l  was made a t  s i t e  A b e c a u s e  o f  p o o r  w e a t h e r .  
The Cox f i l t e r  a s s e m b l y  s lo w e d  t h e  f l o w  r a t e  t o  380 m l /m i n  
a f t e r  p a s s a g e  o f  75 1 ;  b e c a u s e  o f  t h i s  i t s  u se  was
d i s c o n t i n u e d  i n  a n  e f f o r t  t o  m a i n t a i n  a f l o w  r a t e  o f  380 t o  
760 m l / m i n .  C y c l i c  e l u t i o n  was u s e d  w i t h  5X n u t r i e n t  b r o t h  
a s  an e l u e n t .  F o u r  n a t u r a l  v i r u s  i s o l a t i o n s  were  made.
A l l  s a m p l e s  f o r  t h e  t h i r d  f i e l d  t r i a l  i n  J u n e  1976 
were  made a t  s i t e  B. The f i l t e r  s y s t e m  u s e d  f o r  t h i s  and  
a l l  o f  t h e  r e m a i n i n g  s t u d i e s  c o n s i s t e d  o f  n y l o n  (N39) f i l t e r  
( c l a r i f y i n g ) ,  two v i s c o s e  (E39) f i l t e r s  ( a d s o r b i n g )  a n d  a 
f i b e r g l a s s  (K27) f i l t e r  ( a d s o r b i n g ) . I n  t h e  model  s t u d i e s .
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t h e r e  was some b r e a k t h r o u g h  f rom t h e  v i s c o s e  (E39) f i l t e r s  
and  t h e  f i b e r g l a s s  (K27) was c h o s e n  a s  a  b a c k - u p  a d s o r b i n g  
f i l t e r .  F o r  t h e  f i r s t  s a m p l e  no s a l t  was a d d e d  a n d  t h e  
f i l t e r s  w e re  e l u t e d  w i t h  3% b e e f  e x t r a c t ,  pH 9 . 0 .  T h r e e  
n a t u r a l  v i r u s  i s o l a t e s  w e r e  r e c o v e r e d .  F o r  t h e  s e c o n d  
s a m p l e ,  MgCl2 was a d d e d  t o  a  f i n a l  c o n c e n t r a t i o n  o f  0 . 0 5  M 
and  t h e  f i l t e r s  w e re  e l u t e d  w i t h  3% b e e f  e x t r a c t ,  pH 9 . 0 .  
T h i r t y - t h r e e  n a t u r a l  v i r u s  i s o l a t e s  w e re  r e c o v e r e d .  The 
t h i r d  s a m p le  was c o l l e c t e d  w i t h o u t  a d d e d  s a l t ;  t h e  f i l t e r s  
were  e l u t e d  w i t h  5X n u t r i e n t  b r o t h ,  pH 9 . 0 .  T w e n t y - s e v e n  
n a t u r a l  v i r u s  i s o l a t e s  w ere  r e c o v e r e d .  Magnesium c h l o r i d e  
i n  a f i n a l  c o n c e n t r a t i o n  o f  0 . 0 5  M, was  u s e d  i n  t h e  
c o l l e c t i o n  o f  t h e  f o u r t h  s a m p l e ;  t h e  f i l t e r s  were  e l u t e d  
w i th  5X n u t r i e n t  b r o t h ,  pH 9 . 0 .  T w e n t y - s e v e n  n a t u r a l  v i r u s  
i s o l a t e s  w ere  r e c o v e r e d .
The f o u r t h  f i e l d  t r i a l  was made i n  J u l y  1 9 7 6 .  One 
s a m p l e  was c o l l e c t e d  a t  s i t e  A u s i n g  t h e  s y s t e m  d e s c r i b e d
w i th  no a d d e d  s a l t  and  c y c l i c  e l u t i o n  w i t h  5X n u t r i e n t
\
b r o t h ,  pH 9 . 0 .  Seven  n a t u r a l  v i r u s  i s o l a t e s  w ere  r e c o v e r e d .  
F o u r  s a m p l e s  were c o l l e c t e d  a t  s i t e  B. When no s a l t  was 
p r e s e n t  a n d  t h e  f i l t e r s  were  c y c l i c a l l y  e l u t e d  w i t h  3% b e e f  
e x t r a c t ,  pH 9 . 0 ,  22 i s o l a t e s  o f  n a t u r a l  v i r u s  were
r e c o v e r e d .  When MgCl2 i n  a f i n a l  c o n c e n t r a t i o n  o f  0 . 0 5  M 
was u s e d  a n d  c y c l i c  e l u t i o n  w i t h  3% b e e f  e x t r a c t ,  pH 9 . 0  was 
c a r r i e d  o u t ,  38 n a t u r a l  v i r u s  i s o l a t e s  w ere  r e c o v e r e d .  When 
t h e s e  two s a m p l e s  w ere  r e p e a t e d  w i t h  5X n u t r i e n t  b r o t h ,  pH 
9 . 0  a s  t h e  e l u e n t ,  and a f i n a l  c o n c e n t r a t i o n  o f  0 . 0 5  M MgCl2
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p r e s e n t ,  34 n a t u r a l  v i r u s  i s o l a t e s  w ere  r e c o v e r e d .  When no 
HgCl was a d d e d  46 n a t u r a l  v i r u s  i s o l a t e s  w ere  r e c o v e r e d .
The f i e l d  t r i a l  i n  a u g u s t  1976 was c o n d u c t e d  a t  s i t e  
B f o l l o w i n g  t h e  same e x p e r i m e n t a l  d e s i g n  u s e d  i n  J u l y .  With  
no  s a l t  p r e s e n t  a n d  t h e  f i l t e r s  c y c l i c a l l y  e l u t e d  w i t h  3% 
b e e f  e x t r a c t ,  pH 9 . 0 ,  6 n a t u r a l  v i r u s  i s o l a t e s  w e re
r e c o v e r e d .  With a f i n a l  c o n c e n t r a t i o n  o f  0 . 0 5  M MgClg and  
t h e  same e l u e n t  i n  u s e ,  12 n a t u r a l  v i r u s  i s o l a t e s  were  
r e c o v e r e d .  With  no s a l t  p r e s e n t  a n d  t h e  f i l t e r s  c y c l i c a l l y  
e l u t e d  w i t h  5X n u t r i e n t  b r o t h ,  pH 9 . 0 ,  13 n a t u r a l  v i r u s  
i s o l a t e s  w e re  r e c o v e r e d .  With a f i n a l  c o n c e n t r a t i o n  o f  0 . 0 5  
M HgCl2 a n d  t h e  same e l u e n t  i n  u s e ,  10 n a t u r a l  v i r u s  
i s o l a t e s  were  r e c o v e r e d .
The s i x t h  a n d  f i n a l  f i e l d  t r i a l  made i n  S e p t e m b e r  
1976 f o l l o w e d  t h e  same e x p e r i m e n t a l  d e s i g n  u s e d  i n  t h e  
p r e v i o u s  tw o  m o n th s  t r i a l s .  Two n a t u r a l  v i r u s  i s o l a t e s  were 
r e c o v e r e d  w i t h  a f i n a l  c o n c e n t r a t i o n  o f  0 . 0 5  H Mgcl2 and  
c y c l i c  e l u t i c n  o f  f i l t e r s  u s i n g  3% b e e f  e x t r a c t ,  pH 9 . 0 .  
Wi th s a l t  a b s e n t  a n d  u s i n g  t h e  same e l u e n t  t h e r e  were  3 
n a t u r a l  v i r u s  i s o l a t e s  r e c o v e r e d .  With no  s a l t  p r e s e n t  and  
t h e  f i l t e r s  c y c l i c a l l y  e l u t e d  w i t h  5X n u t r i e n t  b r o t h ,  pH 
9 . 0 ,  3 n a t u r a l  v i r u s  i s o l a t e s  w ere  r e c o v e r e d .  I n  t h e  
p r e s e n c e  o f  s a l t  u s i n g  t h e  same e l u e n t ,  one  n a t u r a l  v i r u s  
i s o l a t e  was r e c o v e r e d .
A t o t a l  o f  11 n a t u r a l  v i r u s  i s o l a t e s  w e re  r e c o v e r e d  
f rom  s i t e  A. Due t o  t h e  s m a l l  num ber  o f  s a m p l e s  a t  s i t e  A, 
c o m p a r i s o n s  o f  n a t u r a l  v i r u s  i s o l a t i o n s  a t  s i t e s  A a n d  B
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c o u l d  n o t  b e  made.  F i g u r e  1 i l l u s t r a t e s  t h e  num ber  o f  v i r u s  
i s o l a t e s  p e r  1500 1 o f  h a t c h e r y  w a t e r  a t  s i t e  B f o r  e a c h
f i e l d  s a m p l e .  A l a r g e  i n c r e a s e  i n  t h e  number  o f  i s o l a t e s
o c c u r r e d  i n  J u n e  a n d  J u l y .  The c o m b in e d  r e s u l t s  o f  a l l  t h e  
f i e l d  t r i a l s  f ro m  s i t e  B a r e  p r e s e n t e d  i n  T a b l e  13. The
t o t a l  number  o f  i s o l a t e s  r e c o v e r e d ,  i n  t h e  p r e s e n c e  o r  
a b s e n c e  o f  r w i t h  "the u s e  o f  n u t r i e n t  b r o t h  o r  b e e f
e x t r a c t  a s  e l u e n t ,  a n d  i n  t h e  e l u a t e  o r  r e c o n c e n t r a t e d  
s a m p l e s  i s  g i v e n .  W h i le  t h e  n a t u r e  o f  t h e s e  e x p e r i m e n t s  d i d  
n o t  a l l o w  r e l e v a n t  s t a t i s t i c a l  t r e a t m e n t ,  some c o m b i n a t i o n s  
o f  t h e  t r e a t m e n t s  u s e d  w e re  o f  i n t e r e s t .  Dse  o f  MgCX, l e d  
t o  more v i r u s  i s o l a t i o n s  i n  t h r e e  o u t  o f  f i v e  t r i a l s .  A 
c l e a r  c u t  a d v a n t a g e  f o r  no MgCl^ t r e a t m e n t  was f o u n d  i n  one  
o f  f i v e  t r i a l s .  One h u n d r e d  a n d  e i g h t y - f o u r  i s o l a t e s  were 
r e c o v e r e d  w i th  HgCl2 , 140 w i t h o u t  MgC^ . T h i s  i n d i c a t e d
MgC^ may h a v e  e n h a n c e d  r e c o v e r y  o f  n a t u r a l  v i r u s .
C o m p a r i s o n  o f  t h e  two e l u e n t s  shows 130 i s o l a t e s  
were r e c o v e r e d  w i t h  b e e f  e x t r a c t  a n d  194 w i t h  n u t r i e n t  
b r o t h .  T h i s  d i f f e r e n c e  was t h e  r e s u l t  p r i m a r i l y  o f  
r e c o v e r i e s  made i n  J u n e ,  when 48 more  i s o l a t e s  w e re  
a s s o c i a t e d  w i t h  t h e  u s e  o f  n u t r i e n t  b r o t h .  With t h e  
e x c e p t i o n  o f  t h i s  o n e  m o n th ,  t h e r e  was n c  a p p r e c i a b l e  
d i f f e r e n c e  i n  e f f e c t i v e n e s s  b e t w e e n  t h e  two e l u e n t s .  
C o m p a r i s o n s  o f  v i r u s  r e c o v e r i e s  w i t h  and  w i t h o u t  
r e c o n c e n t r a t i o n  o f  s a m p l e s  sh o w e d  more i s o l a t i o n s  were made 
w i th  r e c o n c e n t r a t i o n  i n  f o u r  o u t  o f  f i v e  t r i a l s  w h e r e  
p o s i t i v e  r e s u l t s  w e re  o b t a i n e d .  The g r e a t e r  t o t a l  o f
OCT MAY JUNE JULY AUG SEPT
1975 1976 1976 1976 1976 1976
FIELD TRIALS
F i g u r e  1 .  I n f e c t i o u s  P a n c r e a t i c  N e c r o s i s  V i r u s  
I s o l a t i o n s  Made a t  S i t e  B,  N a t i o n a l  
F i s h  H a t c h e r y ,  B e r l i n ,  New H a m p s h i r e ,  
D u r i n g  1975  a n d  1 9 7 6 .
Table 13. Natural Virus Isolates Recovered from Site B
F i e l d  Number o f  I s o l a t e s
T r i a l
W i th  W i t h o u t  W i th  W i th  W i th  2 - P h a s e  W i t h o u t  2 - P h a s e
HgCl ^  MgCl„ B e e f  E x t r a c t  N u t r i e n t  B r o t h  S e p a r a t i o n  S e p a r a t i o n  T o t a l
O c t  1975 ND 0 0 ND 0 0 0
Hay 1976 0 10 7 3 10 0 10
J u n e  1976 78 50 40 88 39 89 128
J u l y  1976 80 56 60 76 80 56 136
Aug 1976 22 .’19
f
18 23 29 12 41
S e p t  1976 4 5 5 4 6 3 9
T o t a l 184 140 130 194 164 160 324
>
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i s o l a t i o n s  made w i t h o u t  r e c o n c e n t r a t i o n  was t h e  r e s u l t  o f  a 
s i n g l e  m o n th s  i s o l a t i o n s  i n  w h ic h  more t h a n  t w i c e  a s  many 
r e c o v e r i e s  were  made w i t h o u t  r e c o n c e n t r a t i o n  t r e a t m e n t .
The p a t t e r n  o f  r e s u l t s  o b t a i n e d  s u g g e s t e d  t h e
c o m b i n a t i o n  o f  t r e a t m e n t s  m os t  a d v a n t a g e o u s  f o r  r e c o v e r y  o f  
n a t u r a l  IPN v i r u s  f ro m  h a t c h e r y  o r  o t h e r  w a t e r s  s h o u l d  
i n c l u d e  u s e  o f  MgCl2 f o r  e n h a n c e m e n t  o f  a d s o r p t i o n ,  n u t r i e n t  
b r o t h  f o r  e l u t i o n  o f  f i l t e r s  a n d  r e c o n c e n t r a t i o n  f o r  
p r e p a r a t i o n  o f  f i n a l  s a m p l e s .
R e c o v e r y  o f  n a t u r a l  v i r u s  was f a v o r e d  by  c e l l
c u l t u r e  s e l e c t i o n  and  p r o c e d u r e s  a s  w e l l  a s  s a m p l e  
c o l l e c t i o n  p r o c e d u r e s .  Two f i s h  c u l t u r e s ,  CHSE a n d  RTG-2,  
were  u s e d  i n  t h e  s t u d i e s .  B o th  w e re  u s e d  w i t h  a g a r  (PFO) 
and l i g u i d  (CPE) o v e r l a y  p r o c e d u r e s .  C o m p a r i s o n s  o f  t h e  
i s o l a t i o n s  made u s i n g  t h e  tw o  c e l l  c u l t u r e s  i n  c o n j u n c t i o n  
w i th  t h e  tw o  o v e r l a y  p r o c e d u r e s  a r e  g i v e n  i n  T a b l e  14.  The
p a t t e r n  o f  r e s u l t s  f a v o r e d  t h e  u s e  o f  CHSE m o n o l a y e r s  w i t h
l i g u i d  o v e r l a y  a s  t h e  c o m b i n a t i o n  mos t  a d v a n t a g e o u s  f o r  
r e c o v e r y  o f  n a t u r a l  v i r u s .  T h i s  was shown by t h e  t o t a l  o f  
199 i s o l a t e s  w hich  w e re  r e c o v e r e d  w i t h  CHSE m o n o l a y e r s  
d u r i n g  f i v e  o f  t h e  s i x  f i e l d  t r i a l s ,  c o m p a r e d  t o  125 w i t h  
RTG-2 m o n o l a y e r s .  S i m l a r l y  210 i s o l a t e s  w e re  r e c o v e r e d  by 
means  o f  CPE p r o c e d u r e s  c o m p a r e d  w i t h  114 i s o l a t e s  r e c o v e r e d  
by t h e  p l a g u i n g  m e th o d .
V i r u s  r e c o v e r i e s  f ro m  e a c h  o f  t h e  f o u r  f i l t e r  t y p e s  
u s e d  i n  t h e  f i e l d  t r i a l s  w e re  c o m p a re d  t o  d e t e r m i n e  t h e i r  
r e l a t i v e  e f f e c t i v e n e s s .  The r e s u l t s  o f  t h e s e  s t u d i e s  a r e
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T a b l e  14.  N a t u r a l  V i r u s  I s o l a t e s  R e c o v e r e d  f ro m  S i t e  B
a c c o r d i n g  t o  H o s t  C e l l  and  I s o l a t i o n  P r o c e d u r e
T r i a l
CHSE RTG-2 CPE PFO
Oct 1975 0 0 0 0 0
Hay 1976 8 2 7 3 10
J u n e  1976 101 27 78 50  128
J u l y  1976 61 75 100 36 136
Aug 1976 20 21 20 21 41
S e p t  1976 9 0 5 4 9
T o t a l  199 125 210 114 324
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shown i n  T a b l e  15.  T h r e e  h u n d r e d  t w e n t y - f o u r  i s o l a t e s  were 
r e c o v e r e d  i n  s i x  f i e l d  t r i a l s .  Two h u n d r e d  t h i r t y - t h r e e  o f  
t h e  i s o l a t e s ,  o r  72% o f  t h e  t o t a l ,  were  r e c o v e r e d  f ro m  one  
o r  more  o f  t h e  t h r e e  a d s o r b i n g  f i l t e r s  u s e d .  N i n e t y - o n e ,  o r  
28% o f  t h e  t o t a l ,  w e re  r e c o v e r e d  f ro m  t h e  n y l o n  (N39) 
c l a r i f y i n g  f i l t e r s .  The 91 i s o l a t e s  r e c o v e r e d  f rom  t h e  
n y l o n  c l a r i f y i n g  f i l t e r s  were c o n s i d e r e d  t o  r e p r e s e n t  s o l i d s  
a s s o c i a t e d  a d s o r b e d  v i r u s .  T h e s e  i s o l a t e s  were  r e t a i n e d  by  
c l a r i f y i n g  f i l t e r s  a s  a r e s u l t  o f  v i r u s  a d s o r p t i o n  t o  
s u s p e n d e d  s c l i d s  p r e s e n t  i n  t h e  w a t e r  s a m p l e d  a n d  e n t r a p m e n t  
o f  t h e s e  s o l i d s  on  c l a r i f y i n g  f i l t e r  s u r f a c e s .  The  r e c o v e r y  
o f  t h e s e  v i r u s e s  f rom c l a r i f y i n g  f i l t e r s  d e m o n s t r a t e d  t h e  
n e e d  t o  e l u t e  c l a r i f y i n g  a s  w e l l  a s  a d s o r b i n g  f i l t e r s  i n  
o r d e r  t o  m a x im i z e  v i r u s  r e c o v e r y  p o t e n t i a l s .
V i r u s  r e c o v e r i e s  f rom  v i s c o s e  (E39) a n d  f i b e r g l a s s  
(K27) a d s o r b i n g  f i l t e r s  were  v i r t u a l l y  i d e n t i c a l  a n d  n e i t h e r  
f i l t e r  c o u l d  be  c o n s i d e r e d  s u p e r i o r  t o  t h e  o t h e r .  R e c o v e r y  
o f  v i r u s  f ro m  f i b e r g l a s s  (K27) f i l t e r s  i n  t r i a l s  w here  t h e s e  
f i l t e r s  w ere  l o c a t e d  d o w n s t r e a m  f ro m  v i s c o s e  (E39) f i l t e r s  
was c o n s i d e r e d  e v i d e n c e  o f  v i r u s  b r e a k t h r o u g h  f ro m  t h e  
v i s c o s e  (E39) f i l t e r s .
The e f f i c a c y  o f  t h e  Cox membrane f i l t e r s  f o r  
c o l l e c t i o n  o f  v i r u s  c o u l d  n o t  be  d e t e r m i n e d  due  t o  t h e  v e r y  
few f i e l d  t r i a l s  i n  w h ich  t h e y  w e re  u s e d .  T h e s e  f i l t e r s  
w ere  n o t  u s e d  a f t e r  t h e  May f i e l d  t r i a l s  b e c a u s e  t h e i r  
t e n d e n c y  t o  become p lu g g e d  w i t h  f i n e l y  d i v i d e d  p a r t i c u l a t e  
m a t t e r  p r e v e n t e d  s a m p l i n g  o f  l a r g e  v o lu m e s  o f  w a t e r .  The
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T a b l e  15 .  N a t u r a l  V i r u s  I s o l a t e s  R e c o v e r e d  o n  I n d i v i d u a l  
F i l t e r s  a t  S i t e  B
F i e l d  T r i a l  F i l t e r  T o t a l
N39 E39 Cox K27
Oct 1975 0 0 0 ND 0
Nay 1976 1 5 4 ND 10
J u n e  1976 37 40 ND 51 128
J u l y  1976 42 47 ND 47 136
Aug 1976 8 18 ND 15 41
S e p t  1976 3 6 ND 0 9
T o t a l 91 116 4 113 324
ND -  Not done
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o p t i m a l  f i l t e r  s y s t e m  f o r  r e c o v e r y  o f  n a t u r a l  v i r u s  
c o n s i s t e d  o f  a n y l o n  (N39) c l a r i f i e r ,  f o l l o w e d  by v i s c o s e  
(E39) and  f i b e r g l a s s  (K27) f i l t e r s  i n  s e r i e s .
N a t u r a l  V i r u s  I s o l a t i o n  f ro m  F i n g e r l i n g  T r o u t
Two f i n g e r l i n g  t r o u t  d i s p l a y i n g  t y p i c a l  sym ptom s  o f  
IPN were  t a k e n  f ro m  s i t e  B a t  t h e  h a t c h e r y  i n  A u g u s t  1 9 7 6 .
They were  s u b j e c t e d  t o  tw o  v i r u s  i s o l a t i o n  p r o c e d u r e s
m o d i f i e d  f ro m  Amend a n d  Wedemeyer ( 1 9 7 0 ) .  The h e a d  a n d  t a i l  
were  rem oved  a n d  e a c h  f i s h  was  w e ig h e d  a n d  t r e a t e d
s e p a r a t e l y .  A 1 : 5 0  (w/v) d i l u t i o n  w i t h  PBS was f o l l o w e d  by 
h o m o g e n i z a t i o n  u s i n g  an  o m n i m i x e r  f o r  60 s e c .  To one  h a l f  
o f  e a c h  s a m p l e  5X vo lum e o f  3% b e e f  e x t r a c t ,  pH 9 . 0  was 
a d d e d ,  a l l o w e d  t o  mix  f o r  5 min a n d  c e n t r i f u g e d  a t  3000  x g 
f o r  10 m i n .  The s u p e r n a t a n t  was n e u t r a l i z e d  t o  pH 7 . 0 ,  
e t h e r  s t e r i l i z e d  and  t e s t e d  f o r  n a t u r a l  v i r u s .  F o u r
i s o l a t e s  e a c h  w ere  o b t a i n e d  f ro m  f i n g e r l i n g  1 a n d  2 u s i n g  
t h i s  p r o c e d u r e .  The r e m a i n i n g  h a l f  o f  e a c h  s a m p l e  was 
f i l t e r e d  u s i n g  a 0 . 4 5  um c e l l u l o s e  n i t r a t e  Amicon f i l t e r ,  
t h e  f i l t r a t e  s t e r i l i z e d  and  t e s t e d  f o r  n a t u r a l  v i r u s .  Two 
i s o l a t e s  were  o b t a i n e d  f rom  f i n g e r l i n g  1 a n d  t h r e e  i s o l a t e s  
f rom  f i n g e r l i n g  2 .  The i s o l a t e s  d i s p l a y e d  t y p i c a l  IPN v i r u s  
d e s t r u c t i o n  i n  c e l l  c u l t u r e s  a n d  w e re  c o n f i r m e d  a s  IPN b y  
serum n e u t r a l i z a t i o n  t e s t s .
61
Serum Neutralization Tests
A l l  " i s o l a t e s ” o b t a i n e d  d i s p l a y e d  c e l l  d e s t r u c t i o n  
t y p i c a l  o f  IPN v i r u s .  I n  o r d e r  t o  e s t a b l i s h  t h a t  t h e s e  
i s o l a t e s  were  IPN v i r u s  m i c r o  se rum  n e u t r a l i z a t i o n  t e s t s  
were  p e r f o r m e d  u s i n g  a 7 - s t r a i n  p o l y v a l e n t  IPN a n t i s e r u m  
( r e c e i v e d  f r o m  Dr.  Ken Wolf)  .
The a n t i s e r u m  was r e c e i v e d  u n t i t e r e d  a n d  i t  was 
t i t e r e d  i n  a  n e u t r a l i z a t i i o n  t e s t  u s i n g  s t o c k  IPN v i r u s .  
The r e s u l t s  o f  t h e  a n t i s e r u m  t i t r a t i o n  a r e  g i v e n  i n  T a b l e  
16.
One a n t i b o d y  u n i t  f o r  b o t h  s t r a i n s  o f  IPN v i r u s  u sed  
was d e f i n e d  a s  0 . 0 2 5  ml o f  a  1 : 1 2 5  d i l u t i o n .  The se rum  
d i l u t i o n s  u s e d ,  a s  recom mended  by  D r .  W o l f ,  r e p r e s e n t e d  
5 - f o l d  i n c r e m e n t s .  Due t o  t h e  d i f f e r e n c e  b e t w e e n  e a c h  
d i l u t i o n ,  t h e  e n d p o i n t s  o f  t h e  a n t i b o d y  t i t r a t i o n s  c o u l d  n o t  
be  d i s t i n g u i s h e d  more  p r e c i s e l y  t h a n  t h e  5 - f o l d  d i l u t i o n  
sch em e  a l l o w e d *  The  a c t u a l  t i t r a t i o n  e n d p o i n t  may h a v e  b e e n  
c l o s e r  t o  t h e  1 : 6 2 5  d i l u t i o n  t h a n  t h e  1 : 1 2 5  d i l u t i o n .  
D e f i n i t i o n  o f  1 a n t i b o d y  u n i t  a s  0 . 0 2 5  ml o f  a 1 :1 2 5  
d i l u t i o n  w o u ld  b e  c o n s e r v a t i v e  by a  f a c t o r  o f  a s  much a s  3 
t o  4 f o l d  i f  t h i s  a s s u m p t i o n  were  t r u e .  The t e n  a n t i b o d y  
u n i t s  c a l c u l a t e d  f o r  u s e  i n  t h e  se rum  n e u t r a l i z a t i o n  t e s t s  
c o u l d  a c t u a l l y  h a v e  v a r i e d  b e t w e e n  t h e  l i m i t s  o f  10 t o  40 
u n i t s .
I t  was n o t  f e a s i b l e  t o  t e s t  a l l  o f  t h e  324 n a t u r a l  
v i r u s  i s o l a t e s  i n  s e ru m  n e u t r a l i z a t i o n  t e s t s  t o  d e t e r m i n e
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a+ ■ neutralization of test virus - - no neutralization of test virus.
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t h e i r  IPN i d e n t i t y .  I s o l a t e s  t o  b e  t e s t e d  were  c h o s e n  w i t h  
t h e  i d e a  o f  a s  e q u i t a b l e  a d i s t r i b u t i o n  a s  p o s s i b l e  among 
t h e  s e v e r a l  v a r i a b l e s  r e p r e s e n t e d  i n  t h e  f i e l d  s a m p l e s .  The 
d i s t r i b u t i o n  o f  t h e  i s o l a t e s  s e l e c t e d  i s  shown i n  T a b l e s  
1 7 - 1 9 .  I n  some i n s t a n c e s  i s o l a t e s  r e p r e s e n t i n g  a  v a r i a b l e  
w ere  l o s t  d u r i n g  s t o r a g e  and  n o n e  was a v a i l a b l e  f o r  u s e .  A 
t o t a l  o f  109 i s o l a t e s  was t e s t e d .  A l l  i s o l a t e s  t e s t e d  w e re  
n e u t r a l i z e d  a n d  c o n f i r m e d  a s  IPN v i r u s .
E l e c t r o n  M i c r o s c o p y
I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s  s a m p l e s  were  
e x am in ed  by e l e c t r o n  m i c r o s c o p y  t o  d e t e r m i n e  i f  any 
s i g n i f i c a n t  m o r p h o l o g i c a l  d i f f e r e n c e s  b e t w e e n  t h e  ATCC s t o c k  
v i r u s  (VE299) and  a n a t u r a l  v i r u s  i s o l a t e  c o u l d  be  o b s e r v e d .  
No v i r a l  a g g r e g a t e s  c o u l d  b e  s e e n  i n  e i t h e r  s a m p l e  and  no  
a p p a r e n t  d i f f e r e n c e s  w e r e  d e t e c t e d .  The d i a m e t e r s  o f  t h e  
s t o c k  v i r u s  ( P i g .  2) and  a  n a t u r a l  v i r u s  ( F i g .  3) were  
m e a s u r e d  a s  63 a n d  68  nm r e s p e c t i v e l y .  Both  d i a m e t e r s  a r e  
i n  t h e  r a n g e  r e p o r t e d  f o r  IPN v i r u s .  The i n a b i l i t y  t o  
d e t e c t  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  s t o c k  a n d  n a t u r a l  
v i r u s  was b a s e d  on no s t r i k i n g  d i f f e r e n c e s  i n  s i z e ,  s h a p e  o r  
m o r p h o l o g i c  u n i t s  v i s u a l i z e d .  No s t r u c t u r e s  e x t e r n a l  t o  t h e  
c a p s i d  w ere  s e e n .  B o th  n u c l e o c a p s i d s  a p p e a r e d  t o  b e  
h e x a g o n a l  i n  s h a p e .
Table 17.
F i e l d
T r i a l
May 1976 
J u n e  1976 
J u l y  1976 
Aug 1976 
S e p t  1976
N a t u r a l  V i r u s  I s o l a t e s  S e l e c t e d  f o r  I d e n t i f i c a t i o n  f r o m  I s o l a t i o n s  
made d u r i n g  S t u d i e s  o f  S a l t *  E l u e n t  a n d  R e c o n c e n t r a t i o n  
V a r i a b l e s  a t  S i t e  B=
d
V a r i a b l e s  
S a l t  E n h a n c e m e n t  E l u e n t
With W i t h o u t  B e e f  N u t r i e n t
M C 1 2 H2C12 E x t r a c t B r o t h
- 0 / 1 0 0 /  7 0 /  3
1 4 / 7 8 1 4 / 5 0 9 / 4 0 1 9 / 8 8
5 1 / 8 0 2 2 / 5 6 3 8 / 6 0 3 5 / 7 6
0 / 2 2 3 / 1 9 2 / 1 8 1 / 2 3
2 / 1 8 3 / 2 3 3 / 2 2 2 / 1 9
T o t a l
S e l e c t e d
With 2 - P h a s e  W i t h o u t  2 - P h a s e  
S e p a r a t i o n  S e p a r a t i o n
0 / 1 0 0 0
1 5 /3 9 1 3 / 8 9 28
4 0 / 8 0 3 3 / 5 6 73
3 / 2 9 0 / 1 2 3
3 / 2 9 3 / 1 2 5
>
a Number i s o l a t e s  s e l e c t e d / N u m b e r  i s o l a t i o n s  made
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T a b l e  18 .  N a t u r a l  V i r u s  I s o l a t e s  S e l e c t e d  f o r
I d e n t i f i c a t i o n  f ro m  I s o l a t i o n s  made d u r i n g  
S t u d i e s  o f  H o s t  C e l l  and  I s o l a t i o n  
P r o c e d u r e  V a r i a b l e s  a t  S i t e  B
Field Variables Total
i L i a x
H ost C e l l
CHSE HTG-2
Hay 1976 0 /8 0 / 2
J u n e  1976 2 4 / 1 0 1 4 / 2 7
J u l y  1973 2 9 /6 1 4 4 / 7 5
ftug 1976 2 / 2 0 1/21




0 / 7 9 / 3 0
2 1 / 7 8 7 / 5 0 28
6 8 / 1 0 0 5 / 3 6 73
3 / 2 0 0 / 2 1 3
5 / 5 0 / 4 5
Number isolates selected/Number isolations made
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T a b l e  19 .  N a t u r a l  V i r u s  I s o l a t e s  S e l e c t e d  f o r
I d e n t i f i c a t i o n  f ro m  I s o l a t i o n s  made d u r i n g  
S t u d i e s  o f  V i r u s  R e c o v e r e d  f ro m  I n d i v i d u a l  
F i l t e r s  a t  S i t e  B
F i e l d
T r i a l
N39
F i l t e r
E39 Cox K27
T o t  a. 
S e le i
Hay 1976 0 /1 0 / 5 0 / 4 - 0
J u n e  1976 8 / 3 7 1 1 /4 0 - 9 / 5 1 28
J u l y  1976 3 2 / 4 2 2 4 / 4 7 - 1 7 / 4 7 73
&ug 1976 1 /8 2 / 1 8 - 0 / 1 5 3
S e p t  1976 3 / 3 2 / 8 - 0 5
Number i s o l a t e s  s e l e c t e d / N u m b e r  i s o l a t i o n s  made
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F i g u r e  2
F i g u r e  3
E l e c t r o n  M i c r o g r a p h  o f  N e g a t i v e l y  S t a i n e d  
I n f e c t i o u s  P a n c r e a t i c  N e c r o s i s  V i r u s  
A m er ican  Type  C u l t u r e  C o l l e c t i o n  S t r a i n  
VB299. X 2 0 5 , 0 0 0 .
E l e c t r o n  M i c r o g r a p h  o f  N e g a t i v e l y  S t a i n e d  
N a t u r a l  I n f e c t i o u s  P a n c r e a t i c  N e c r o s i s  




E p i z o o t i c s  i n  f i s h  h a t c h e r y  p o p u l a t i o n s  c a u s e d  by  
b a c t e r i a  o r  v i r u s e s  c a n  h a v e  s e r i o u s  e c o n o m i c  i m p a c t .
C o m m e r c i a l  a q u a c u l t u r e  e n t e r p r i s e s  i n v o l v e d  i n  t h e  s u p p l y  o f  
f i s h  f o r  m a r k e t p l a c e  p u r c h a s e  o r  f e d e r a l  a n d  s t a t e  a g e n c i e s  
i n v o l v e d  i n  s t o c k i n g  o f  n a t u r a l  w a t e r s  s u f f e r  s e v e r e
e c o n o m i c  l o s s e s  when an  e p i z o o t i c  o c c u r s  among f i s h  s t o c k s .  
I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  i s  a  d i s e a s e  t h a t  c a n  o c c u r  
i n  e p i z o o t i c s .  I n f e c t i o u s  p a n c r e a t i c  n e c r o s i s  v i r u s  h a s  
b e e n  i s o l a t e d  d i r e c t l y  f ro m  h a t c h e r y  w a t e r s  o n l y  d u r i n g  
o u t b r e a k s .  The c o n c e n t r a t i o n  o f  v i r u s  a t  t h e s e  t i m e s  
a p p a r e n t l y  i s  l a r g e  e n o u g h  f o r  d e t e c t i o n  f ro m  u n c c n c e n t r a t e d  
s a m p l e s ,  due  t o  t h e  l a r g e  num b e r  o f  i n f e c t e d  a n d  m o r i b u n d  
f i s h  c o n t i n u a l l y  s h e d d i n g  v i r u s .  I s o l a t i o n  o f  IPN v i r u s  
f ro m  w a t e r  b e f o r e  o r  a f t e r  an  o u t b r e a k  when t h e  v i r u s  i s  
p r e s e n t  i n  s m a l l e r  a m o u n t s  i s  d e p e n d e n t  on an a b i l i t y  t o
c o n c e n t r a t e  s m a l l  n u m b e r s  o f  v i r u s  p a r t i c l e s  f ro m  l a r g e  
v o l u m e s  o f  w a t e r .  The d e v e l o p m e n t  o f  a  s y s t e m  f o r  t h e  
d e t e c t i o n  a n d  r e c o v e r y  o f  IPN v i r u s  r e p r e s e n t s  a  s i g n i f i c a n t
s t e p  t o w a r d  ways a n d  means  o f  c o n t r o l l i n g  IP N .  Use  o f  t h i s
s y s t e m  i n  f i e l d  t r i a l s  a t  t h e  N a t i o n a l  F i s h  H a t c h e r y  a t  
B e r l i n ,  New H a m p s h i r e ,  showed t h a t  IPN v i r u s  p r e s e n t  i n  
h a t c h e r y  w a t e r s  c o u l d  be d e t e c t e d  i n  a d v a n c e  o f  t h e  o u t b r e a k
o f  an  e p i z o o t i c  i n  h a t c h e r y  b r o o k  t r o u t .
F i e l d  t r i a l s  w e re  c o n d u c t e d  i n  O c t o b e r  1975 and
m o n t h l y  f ro m  May t h r o u g h  S e p t e m b e r  1976 .  The f i r s t  v i r u s
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i s o l a t i o n s  w ere  made d u r i n g  t h e  Hay t r i a l s .  A l a r g e  
i n c r e a s e  i n  t h e  n um be r  o f  v i r a l  i s o l a t i o n s  o c c u r e d  i n  J u n e  
i m m e d i a t e l y  b e f o r e  t h e  r e c o g n i t i o n  o f  an  o u t b r e a k  o f  IPN was 
made by h a t c h e r y  p e r s o n n e l .  The o u t b r e a k  c o n t i n u e d  t h r o u g h  
J u l y  when t h e  maximum num ber  o f  i s o l a t i o n s  w e re  made.  More 
t h a n  30% ( a p p r o x i m a t e l y  8 2 , 0 0 0 )  o f  t h e  f i n g e r l i n g  b r o o k  
t r o u t  p o p u l a t i o n  were  l o s t  d u r i n g  t h e  e p i z o o t i c .  The num ber  
o f  v i r u s  r e c o v e r i e s  d e c l i n e d  r a p i d l y  a f t e r  t h e  J u l y  t e s t s ,  
b u t  v i r u s  was s t i l l  f o u n d  i n  h a t c h e r y  w a t e r s  i n  A u g u s t  and 
S e p t e m b e r ,  more t h a n  a month a f t e r  t h e  e p i z o o t i c  h a d  c e a s e d .  
D i r e c t  i s o l a t i o n  o f  n a t u r a l  v i r u s  f ro m  u n c o n c e n t r a t e d  
h a t c h e r y  w a t e r  s a m p l e s  was p o s s i b l e  o n l y  d u r i n g  t h e  h e i g h t  
o f  t h e  o u t b r e a k  i n  J u l y .
The f i e l d  t r i a l s  o f f e r e d  an  o p p o r t u n i t y  f o r  a more  
c r i t i c a l  e v a l u a t i o n  o f  t h e  m e r i t s  o f  some o f  t h e  p r o c e d u r e s  
d e v e l o p e d  w i t h  t e s t  v i r u s  b u t  u n t r i e d  w i t h  n a t u r a l  v i r u s  
u n d e r  n a t u r a l  c o n d i t i o n s .  The  key q u e s t i o n s  i n v o l v e d  
d e c i s i o n s  on t h e  u s e f u l n e s s  o f  s a l t  f o r  e n h a n c e m e n t  o f  v i r u s  
a d s o r p t i o n ,  t h e  v a l u e  o f  d i f f e r e n t  a d s o r b e n t  f i l t e r s ,  c h o i c e  
o f  e l u e n t ,  s a m p l e  r e c o n c e n t r a t i o n ,  r e l a t i v e  s u i t a b i l i t i e s  
f o r  v i r u s  r e c o v e r i e s  o f  CHSE v e r s u s  RTG-2 c e l l  c u l t u r e s ,  and  
w h e t h e r  a  p l a g u i n g  o r  a  CPE m e th o d  i s  o p t i m a l  f o r  r e c o v e r y  
o f  v i r u s .
No g r e a t  a d v a n t a g e  f o r  t h e  u s e  o f  HgC^ was f o u n d  
w i t h  t h e  model  s y s t e m  i n  s t u d i e s  i n  w h ic h  190 1 s a m p l e s  o f  
c l e a n  w a t e r  w ere  t e s t e d .  R e s u l t s  i n  t h e  f i e l d  t r i a l s  
i n d i c a t e d  t h a t  MgC^ e n h a n c e d  s l i g h t l y  t h e  r e c o v e r y  o f
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n a t u r a l  v i r u s .  S o b s e y  e t  a l .  (1973) r e p o r t e d  t h a t  u s e  o f  
MgC]^ was m o s t  l i k e l y  t o  be  o f  v a l u e  when e n t e r o v i r u s  
r e c o v e r i e s  f r o m  v e r y  t u r b i d  w a t e r  were  c o n s i d e r e d .  S i n c e  
t h e  t u r b i d i t y  o f  t h e  B e r l i n  h a t c h e r y  w a t e r s  was n o t  
e x c e s s i v e  no o p p o r t u n i t y  f o r  d e m o n s t r a t i o n  o f  MgC^ 
e n h a n c e m e n t  o f  v i r u s  r e c o v e r y  was p r e s e n t e d .  The s l i g h t  
e n h a n c e m e n t  o f  v i r u s  r e c o v e r y  f o u n d  i n  r e l a t i v e l y  c l e a n  
w a t e r  s u g g e s t e d  r o u t i n e  u s e  o f  H gC ^  s h o u l d  be c o n s i d e r e d  
u n l e s s  c o n t r a i n d i c a t e d  b y  l o g i s t i c  f a c t o r s .
S e l e c t i o n  o f  n y l o n  (N39) f i l t e r s  f o r  s a m p l e  
c l a r i f i c a t i o n  a n d  v i s c o s e  (E39) and  f i b e r g l a s s  (K27) f o r  
v i r u s  a d s o r p t i o n  p r o v i d e d  an  e f f e c t i v e  r e c o v e r y  s y s t e m .  
D e v e l o p m e n t a l  work i n d i c a t e d  t h a t  a  n y l o n  (N39) f i l t e r  
a l l o w e d  p a s s a g e  o f  10035 o f  t h e  v i r u s  i f  no  s u s p e n d e d  s o l i d s  
w ere  p r e s e n t  i n  t h e  w a t e r .  S u s p e n d e d  s o l i d s  d i d  i n t e r f e r e  
t c  a m i n o r  d e g r e e  w i t h  p a s s a g e  o f  t h e  v i r u s  i n  mode l  s y s t e m  
s t u d i e s  b u t  w i t h  e l u t i o n  o f  t h e  c l a r i f y i n g  f i l t e r ,  a n  
a v e r a g e  o f  80% o f  t h e  a d s o r b e d  v i r u s  was r e c o v e r e d .  
I s o l a t i o n s  f r o m  t h e  c l a r i f y i n g  f i l t e r s  a s  a  r e s u l t  o f  t h e  
u s e  o f  t h i s  p r o c e d u r e  d u r i n g  f i e l d  t r i a l s  f u r t h e r  i n d i c a t e d  
t h e  n e c e s s i t y  t o  c o n t i n u e  e l u t i o n  o f  c l a r i f y i n g  f i l t e r s .
The r e c o v e r y  o f  n a t u r a l  v i r u s  f rom  v i s c o s e  (E39) and  
f i b e r g l a s s  (K27) f i l t e r s  show ed  b o t h  f i l t e r s  w ere  e f f e c t i v e  
a d s o r b e r s  u n d e r  t h e  f i e l d  c o n d i t i o n s  e n c o u n t e r e d .  V i s c o s e  
(E39) f i l t e r s  e x p e r i e n c e d  some b r e a k t h r o u g h  o f  t e s t  v i r u s  i n  
t h e  m ode l  s y s t e m  and  t h i s  was a l s o  f o u n d  i n  t h e  f i e l d  
t r i a l s .  Many n a t u r a l  v i r u s  r e c o v e r i e s  f rom  f i b e r g l a s s
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f i l t e r s  d o w n s t r e a m  f rom  t h e  v i s c o s e  (E39) f i l t e r s  i n d i c a t e d  
t h e  o c c u r r e n c e  o f  n a t u r a l  v i r u s  b r e a k t h r o u g h .  The r e a s o n  
f o r  t h e  b r e a k t h r o u g h  was  n o t  i n v e s t i g a t e d  b u t  i t  c o u l d  be  
s p e c u l a t e d  t h a t  v i r u s  r e c e p t o r  s i t e s  on  v i s c o s e  (E39) 
f i l t e r s  were  o c c u p i e d  o r  i n t e r f e r e d  w i t h  by t h e  p r e s e n c e  o f  
MCC i n  t h e  w a t e r  s a m p l e d .  The m o s t  l i k e l y  s o u r c e  o f  MCC was 
f i s h  d e r i v e d  p r o d u c t s  s u c h  a s  f e c e s  o r  s l i m e .  The 
b r e a k t h r o u g h  showed t h e  i m p o r t a n c e  t o  v i r u s  r e c o v e r y  o f  t h e  
p r a c t i c e  o f  u s i n g  v i s c o s e  (E39) and  f i b e r g l a s s  (K27) f i l t e r s  
i n  s e r i e s .
The e f f e c t i v e n e s s  o f  c y c l i c  e l u t i o n  u s i n g  5X 
n u t r i e n t  b r o t h  f o r  e l u t i o n  o f  v i r u s  f ro m  f i l t e r  s u r f a c e s  was 
a t t r i b u t e d  t o  t h e  i n f l u e n c e  i n  p a r t  o f  a p r o t e i n a c e o u s  
s o l u t i o n  w i t h  a  g r e a t e r  a f f i n i t y  t h a n  v i r u s  f o r  v i r u s  
a d s o r p t i v e  s i t e s  on f i l t e r s ,  a n d  i n  p a r t  t o  an  a l k a l i n e  pH 
c a u s i n g  r e v e r s a l  o f  t h e  i n i t i a l  e l e c t r o s t a t i c  a t t r a c t i v e  
f o r c e  b i n d i n g  v i r u s  t o  a  f i l t e r  s u r f a c e .  The g r e a t e r  number  
o f  r e c o v e r i e s  made w i t h  5X n u t r i e n t  b r o t h ,  c o m p a re d  t o  t h o s e  
made f o l l o w i n g  e l u t i o n  w i t h  3% b e e f  e x t r a c t ,  was a t t r i b u t e d  
t o  t h e  f o r m e r  e l u e n t ' s  g r e a t e r  c o n c e n t r a t i o n  o f  
p r o t e i n a c e o u s  s u s b s t a n c e s  r e s u l t i n g  i n  a  more  e f f e c t i v e  
d i s p l a c e m e n t  o f  v i r u s .
The  e f f e c t i v e n e s s  o f  t h e  a q u e o u s  p o l y m e r  t w o - p h a s e  
s y s t e m  A f o r  r e c o v e r y  o f  t e s t  v i r u s  i n  model  s y s t e m  s t u d i e s  
was c o n f i r m e d  by  t h e  r e s u l t s  o f  t h e  f i e l d  t r i a l s .  
H e c o n c e n t r a t i o n  o f  s a m p l e s  was b e n e f i c i a l  i n  a  m a j o r i t y  o f  
t h e  t r i a l s .  R e s u l t s  o f  t h e  May a n d  S e p te m b e r  t r i a l s
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s u g g e s t e d  r e c o n c e n t r a t i o n  w o u ld  be  e s p e c i a l l y  e f f e c t i v e  
w h e re  m i n i m a l  v i r u s  n u m b e r s  were  l i k e l y  t o  be e n c o u n t e r e d .
The g r e a t e r  num b e r  o f  n a t u r a l  v i r u s  r e c o v e r i e s  made 
w i t h  CHSE m o n o l a y e r s  s u g g e s t e d  a  g r e a t e r  s e n s i t i v i t y  t h a n
RTG-2 m o n o l a y e r s  f o r  t h e  i s o l a t i o n  o f  IPN v i r u s .  The u s e  o f
l i g u i d  o v e r l a y s  and  r e l i a n c e  on CPE e n d p o i n t s  f o r  
r e c o g n i t i o n  c f  t h e  p r e s e n c e  o f  v i r u s  was p r e f e r a b l e  t o  PFU 
e n d p o i n t s .  I f  a  s i n g l e  r e c o v e r y  method i s  t o  be  u s e d  t o  
m o n i t o r  t h e  v i r u s  c o n t e n t  o f  h a t c h e r y  w a t e r s ,  CPE p r o c e d u r e s  
c o m b in e d  w i t h  CHSE c u l t u r e s  r e p r e s e n t  t h e  method  o f  c h o i c e .
A l l  i s o l a t i o n s  o f  n a t u r a l  v i r u s  d e m o n s t r a t e d  t h e  
same d i s t i n c t i v e  CPE o r  p l a q u e  m o r p h o l o g y  t y p i c a l  o f  IPN
v i r u s .  I t  was n e c e s s a r y  t o  p r o v i d e  f u r t h e r  e v i d e n c e  t h a t  
t h e s e  i s o l a t e s  w e re  i n d e e d  IPN v i r u s  a n d  se rum  
n e u t r a l i z a t i o n  t e s t s  w i t h  7 - s t r a i n  p o l y v a l e n t  IPN v i r u s  
a n t i s e r u m  w e re  p e r f o r m e d .  T e s t i n g  o f  r e p r e s e n t a t i v e  
i s o l a t e s  f ro m  e a c h  v a r i a b l e  e v a l u a t e d  c o n f i r m e d  t h e  
i d e n t i f i c a t i o n  o f  i s o l a t e s  a s  IPN v i r u s .
The o p t i m a l  v i r u s  c o n c e n t r a t i o n  m e thod  f o r  r e c o v e r y  
o f  IPN v i r u s  f rom  f i s h  h a t c h e r y  w a t e r s  c o n s i s t e d  o f  a  n y l o n  
(N39) c l a r i f y i n g  f i l t e r ,  l o w e r i n g  t h e  pH t o  6 . 0  and  t h e  
a d d i t i o n  o f  H gCl2 t o  a f i n a l  c o n c e n t r a t i o n  o f  0 . 0 5  M, and 
a d s o r p t i o n  t o  v i s c o s e  (E39) a n d  f i b e r g l a s s  (K27) f i l t e r s  
a r r a n g e d  i n  s e r i e s .  V i r u s  r e c o v e r y  was b e s t  a c c o m p l i s h e d  by  
t h e  u s e  o f  c y c l i c  e l u t i o n  w i th  5X n u t r i e n t  b r o t h ,  pH 9 . 0 ,  
f o l l o w e d  b y  r e c o n c e n t r a t i o n  o f  t h e  e l u a t e  u s i n g  a q u e o u s  
p o l y m e r  t w o - p h a s e  s y s t e m  A. The  m os t  e f f e c t i v e  r e c o v e r y  o f
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n a t u r a l  v i r u s  f r o m  t e s t  s a m p l e s  was made u s i n g  CPE e n d p o i n t s  
on CHSE i n o c u l a t e d  c u l t u r e s .  The r e c o v e r y  method  d e s c r i b e d  
o p t i m a l l y  was c a l c u l a t e d  t o  h a v e  b e e n  c a p a b l e  o f  d e t e c t i n g  
IPN v i r u s  i n  h a t c h e r y  w a t e r s  i n  c o n c e n t r a t i o n s  a s  low a s  1 
i n f e c t i v e  p a r t i c l e  p e r  166 1 .
S t u d y  r e s u l t s  s u b s t a n t i a t e  t h e  u s e f u l n e s s  o f  t h e  
s y s t e m  d e s c r i b e d  a s  a  means  f o r  d e t e c t i n g  and  e n u m e r a t i n g  
IPN v i r u s .  T h i s  c a p a b i l i t y  i s  o f  p o t e n t i a l  v a l u e  a s  an 
e a r l y  w a r n i n g  o f  t h e  p r e s e n c e  o f  a  d a n g e r o u s  f i s h  p a t h o g e n  
and  o f f e r s  a n  o p p o r t u n i t y  t o  i n i t i a t e  m e a s u r e s  a p p r o p r i a t e  
f o r  t h e  p r e v e n t i o n  and  c o n t r o l  o f  IPN e p i z o o t i c s .
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